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PREFACE 


At  irregular  intervals  the  Aerospace  Medical  Panel  (AMP)  of  AGARD  has  organized  Specialists’  Meetings  in  which 
selected  topics  from  Space  Physiology  and  Medicine  were  discussed.  The  last  meeting  of  this  kind  was  held  in  Brussels  in 
January  1 979.  At  that  time  the  USA  and  Europe  were  preparing  for  a  new  era  of  manned  exploration  and  utilization  of 
space  with  the  reusable  Space  Transportation  and  Spacelab  System. 

Meanwhile,  a  number  of  Shuttle  flights  as  well  as  the  first  co-operative  N  ASA-ESA  mission  of  the  Space  Laboratory 
(SL)  were  carried  through.  With  72  experiments  from  different  disciplines  (including  1 6  from  the  Life  Sciences)  and  4 
Science  Astronauts  on  board  the  latter  carried  the  greatest  scientific  payload  ever  flown  in  space  operations.  Also,  new 
information  had  been  obtained  during  a  French-Soviet  collaborative  project  on  Salyut  7. 

In  view  of  this  development  the  AMP  considered  it  to  be  appropriate  to  familiarise  its  members  in  another  meeting  with 
objectives,  methods  and  results  of  recent  medical  research  in  space  and  give  the  specialists'  knowledge  on  human  adaptation 
to  the  space  environment  a  wider  dissemination. 

The  one-and-a-half-day  Symposium  was  held  at  Istanbul,  Turkey,  on  25—26  September,  1 984,  The  programme 
contained  1 3  invited  presentations.  It  was  opened  with  a  report  and  film  of  Dr  Ulf  Merbold  on  Spacelab  Mission  I  and  his 
experience  as  a  Science  Astronaut.  The  other  papers  focused  on  the  following  topics. 

Session  I  -  VESTIBULAR  AND  SENSOR1-MOTOR  RESPONSES 

Five  reports  dealt  with  the  consequences  of  weightlessness  on  gravity  perception  and  posture,  with  the  cause  and 

symptomatology  of  space  motion  sickness,  and  with  mass  discrimination. 

Session  II  -  CARDIOVASCULAR  RESPONSES 

Cephalic  fluid  shift  and  subsequent  cardiovascular  changes  were  addressed  by  three  speakers. 

Session  III  -  SLEEP,  IMMUNOLOGICAL  AND  RADIOBIOLOGICAL  RESPONSES 

There  was  one  presentation  on  each  of  the  following  subjects:  the  electrophysiological  recordings  of  eye-movements 

and  muscle-activity,  the  significance  of  gravity  on  lymphocytes’  activation,  and  the  biological  effects  as  well  as  the 

impact  on  man  of  heavy  particles  of  cosmic  radiation. 

The  Proceedings  contain  the  papers  together  with  the  comments  and  remarks  of  the  discussion  periods.  For  those  who 
wish  to  obtain  a  deeper  insight  into  the  matter  reference  is  made  to  some  recent  publications:  Science  225, 205-234,  July 
1 984,  and  “Life  Science  Research  in  Space",  ESA  SP-2 1 2,  Paris,  August  1984. 
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OPENING  ADDRESS 


by 

Major  General  Ahmet  £orck^i 
Commander 

Turkish  Air  Force  Academy 
Ye$ilyurt  —  Istanbul 
Turkey 


Mr  Chairman,  ladies  and  gentlemen, 

I  am  very  glad  to  welcome  all  members  of  the  Aerospace  Medical  Panel  who  have  been  invited  to  attend  their 
respective  committee  meetings  in  Istanbul  and  I  am  very  happy  and  honoured  to  make  an  opening  speech  to  the 
distinguished  members  of  the  Aerospace  Medical  Panel  who  will  discuss  the  “Results  of  Space  Experiments  in  Physiology 
and  Medicine”. 

First  of  all,  I  cordially  congratulate  the  members  who  decided  to  hold  this  meeting  in  Istanbul  during  your  previous 
meeting  in  London  in  October  1 983.  We  feel  very  happy  to  host  you,  to  get  to  know  you  in  our  country,  and  we  are  sure  that 
you  will  make  the  best  decisions  and  discussions  concerning  the  body's  responses  in  space  and  related  subjects. 

As  we  all  know,  knowledge  changes  now  at  a  rate  unparalleled  in  human  history.  More  than  two  thousand  years  ago,  the 
Greeks  imagine  '  Daedalus,  the  man  who  fashioned  wings  for  himself.  Leonardo  Da  Vinci  drew  sketches  of  flying  machines 
and  a  Turk  named  Hazarfen  Ahmet  Celebi  flew  with  his  wings  for  3,000  metres  from  the  Galata  Tower  across  to  the 
Anatolian  side  of  Turkey  in  the  1 7th  Century.  But  for  centuries  man  remained  earthbound.  Just  over  fifty  years  after  the 
Wright  brothers  had  sold  the  United  State.!  its  first  military  aeroplane,  man  set  foot  on  the  moon. 

Not  only  in  aerospace  technology  but  in  all  areas,  our  world  is  changing  with  unprecedented  rapidity,  and  there  is  no 
reason  to  believe  that  the  rate  of  change  will  slow.  In  all  environments  —  technological,  medical,  economic,  social,  political  — 
our  society  is  becoming  increasingly  complex,  diverse,  specialized  and  dynamic. 

As  you  mentioned  in  your  programme  announcement,  “With  man’s  presence  in  space  continuously  increasing,  a  better 
comprehension  of  adaptation  mechanisms  to  the  space  environment  and  of  their  consequences  for  readaptation  to  terrestrial 
conditions  is  urgently  required”. 

For  that  reason,  the  members  of  the  Aerospace  Medical  Panel  committed  to  human  responses  will  show  more  effort 
than  before  in  order  to  maintain  human  superiority  and  avoid  technological  surprise. 

As  we  know,  even  though  the  technology  improves  very  rapidly  in  all  areas,  the  human  factor  has  never  lost  its  position 
in  every  condition  and  situation.  Man  should  have  a  complete  education  and  training,  discipline  and  a  high  morality,  and 
should  progress  psychologically  and  mentally.  Otherwise,  those  environments,  especially  weapons,  machines  and  means,  will 
not  be  any  more  valuable  than  a  pile  of  iron  or  sttel. 

Mr  Chairman,  NATO  and  the  scientific  community  will  eventually  obtain  the  results  of  your  very  important  and  highly 
valuable  discussions  and  experiment'  and  1  am  also  sure  that  the  informal  briefings  to  be  given  by  members  of  the  F- 1 6 
Medical  Working  Group  will  be  most  useful  to  all  of  us,  especially  the  Turkish  Air  Force.  Turkey  is  planning  to  purchase  the 
F- 1 6  aircraft  in  the  near  future  and  any  operational  experience  gained  by  our  NATO  allies  will  be  of  considerable  use  to  us 
in  our  aeromedical  training  and  operational  flying  programmes. 

In  conclusion,  let  me  thank  all  of  those  individuals  who  worked  very  hard  in  organizing  the  scientific  programme  and 
arranging  the  many  administrative,  accommodation,  transportation  and  social  activities  details. 

I  am  sure  your  symposium  will  be  a  great  success  and  I  hope  you  will  enjoy  yourself  in  Istanbul  and  return  home  from 
our  country  with  many  beautiful  memories. 


TECHNICAL  EVALUATION  REPORT 


by 

Prof.  Dr  K.E.Klein 

Director,  DFVLR  Institut  Kir  Flugmedizin 
Linder  Hohe 
Postfach  906058 
5000  Koln  90 

Federal  Republic  of  Germany 


The  exploration  of  space  exposes  man  to  a  unique  environment  since  it  contains  features  which  do  not  exist  naturally 
and  can  hardly  be  simulated  on  earth.  Prominent  in  this  respect  is  the  relative  absence  of  gravity  which  initiates  changes  in 
the  human  organism  mainly  through  three  modes  of  action 

—  the  specific  effects  on  gravity  sensing  organs 

—  the  lack  of  hydrostatic  pressure  affecting  fluid  compartments 

—  the  reduction  of  deformation  forces  on  load-bearing  tissues. 

Data  collected  during  previous  space  flights  demonstrated  that  almost  all  physiological  systems  are  affected  by  the 
space  environment.  Some  of  the  most  significant  changes  which  have  become  known  so  far  involve  the  vestibular,  the 
cardiovascular  and  the  musculo-skeletal  system  as  well  as  blood  and  metabolism. 

However,  many  important  scientific  questions  remained  unanswered  and  many  areas  of  research  have  been  neglected, 
since  the  number  of  launches  was  limited,  the  subjects'  number  small  and  often  operational  programme  requirements  were 
not  compatible  with  scientific  research  objectives.  In  this  respect  the  situation  is  rapidly  changing.  The  Symposium 
impressively  demonstrated  the  progress  which  presently  is  being  made  in  some  areas  of  space  physiology  and  medicine. 

Particularly  this  is  true  for  the  system  responsible  for  spatial  orientation,  the  functional  disturbance  of  which  in 
microgravity  evokes  space  motion  sickness  in  almost  50%  of  the  crews.  But  also  other  physiological  consequences  of  space 
flights  become  gradually  clearer. 

These  are  the  main  conclusions  which  can  be  drawn  from  the  Symposium  Proceedings. 

Session  I 

Since  pitch  and  roll  in  microgravity  do  not  result  in  otolith  displacement,  a  sensory  rearrangement  becomes  necessary 
in  which  the  CNS  reinterprets  all  otolith  outputs  as  linear  motion  (otolith  tilt-translation  reinterpretation. hypothesis). 

The  inability  of  otoliths  to  provide  information  on  spatial  orientation  of  head  and  body  is  compensated  mainly  by  the 
increased  utilization  of  visual  cues. 

Spaceflight-related  redistribution  of  EMG  activities  in  muscles  responsible  for  posture  control  occurs  in  agreement 
with  changes  in  otolith  function. 

Space  motion  sickness  is  most  likely  provoked  by  sensory  conflicts,  in  particular  during  pitch  and  roll  motions; 
individual  susceptibility  still  can  not  be  predicted,  however,  the  easiness  of  adaptation  to  head  movements  while  wearing 
reversing  prisms  may  be  indicative  in  this  respect. 

For  the  time  being,  the  mechanisms  behind  the  unexpected  finding  of  a  caloric  nystagmus  in  the  absence  of  thermal 
convection  during  orbital  flight  remains  inexplicable. 

Session  II 

Left  ventricular  size  and  volume,  in  particular  end-diastolic  and  stroke  volume,  transiently  increase  in-flight  and 
decrease  post-flight;  findings  with  respect  to  heart  contractility  are  still  controversial  and  need  further  clarification. 

As  judged  by  the  changes  of  central  venous  pressure  and  hematocrit  the  fluid  redistributions  after  launch  and  landing 
are  highly  dynamic  processes,  the  physiological  principles  of  which  are  far  from  being  understood. 

Cerebral  and  femoral  blood  flow  seem  to  stay  fairly  constant  in  microgravity;  this  has  given  rise  to  the  speculation  that 
in  view  of  an  increased  cardiac  output  renal  and/or  splanchnic  blood  flow  might  rise. 


New  data  support  the  idea  that  extensive  pre-flight  athletic  training  might  be  the  reason  for  a  pronounciation  of 
cardiovascular  deconditioning,  e.g.  of  post-flight  end-diastolic  volume  decrease,  and  for  longer  recovery  times. 

Sessiofllll 

Cells  are  gravity  dependent,  e.g.  microgravity  strongly  depressed  lymphocytes*  activation;  the  implication  for 
astronauts'  immune  system  has  to  be  clarified. 

Heavy  particles  of  cosmic  radiation  may  include  dramatic  changes  in  individual  cells,  however,  the  risk  for  man  with 
respect  to  orbital  flight  characteristics  and  time  in  orbit  has  yet  to  be  assessed. 

Future  development  of  spare  activities  will  be  characterized  through  (I)  growing  opportunities  for  research  and 
development,  (II)  widening  potei  '.ials  for  commercial  and  other  ways  of  utilization  of  space,  and  (III)  expanding  presence  of 
man  in  space  with  respect  to  the  number  of  individuals  and  the  duration  of  stay.  Its  implementation  requires  a  deeper  insight 
into  the  principles  and  mechanisms  of  physiological  responses  to  space  flight,  allowing  a  clear  definition  of  hazards  for  health 
and  performance  and  the  development  of  preventive  measures  and  protective  devices  for  man’s  work  in  orbit  and  his  return 
to  earth. 

The  AMP  should  closely  follow  this  development.  The  results  will  have  a  bearing  not  only  on  aerospace  medicine  but 
should  be  of  general  significance  to  the  medical  sciences.  For  instance,  they  should  contribute  to  a  better  identification  of 
man's  adaptive  capabilities  and  will  improve  the  definition  of  permissible  ranges  of  variation  in  human  physiological  space 
research.  It  should  be  worth  while  to  discuss  the  progress  again  in  2—3  years  time. 


INTRODUCTION  A  LA  PARTICIPATION  FRANCAISE 
AU  SYMPOSIUM  SUR  LES  RESULTATS  DES  EXPERIENCES  SPAT! ALES 
EN  PHYSIOLOGIE  ET  EN  MEDECINE 

par 

Medccin  General  Inspectcur  Colin 
Directeur  de  1'EASSAA  et  du  CERM  A 
26  Boulevard  Victor 
75996  Paris  Armees 
France 


La  mission  franro-sovictique  sur  Soyouz  T-6  et  Saliout  7  s'est  deroulee  du  24  juin  au  02  juillet  1982,  dans  le  cadre 
d'une  collaboration  C.N.E.S.-1NTERCOSMOS.  Elle  a  permis  le  vol  du  premier  spationaute  fran^ais,  le  Colonel 
J.-L.Chretien  et  la  realisation  avec  succes  du  programme  scientifique  prevu. 

Pour  permettre  de  cadrer  les  exposes  fran^ais  dans  I'ensemble  de  la  mission  franco-sovietique,  nous  rappellerons 
succintement  les  aspects  scieniifiques  et  techniques  principaux  de  cette  mission. 

1.  PROGRAMME  SCIENTIFIQUE 

Le  programme  scientifique  comprenait  des  experiences  effectuees  dans  quatre  volets: 

1.  Science  dc  la  Terre  et  de  I’espace 

—  PIRAMIG:  chambre  photographique  a  haute  sensibilite  pour  I’ctude  dans  le  visible  et  le  proche  infra  rouge  du 
milieu  interplanetaire,  des  galaxies  et  de  I’atmosphere  terrestre; 

—  P.C.N.:  photogr-.phie  des  sources  de  faibles  luminosite  du  del  nocturne; 

2.  Elaboration  de  materiaux  dans  I'espace 

—  calibration  du  fear  MAGMA-F  destine  a  I’obtention  de  cristaux  dans  I’espace; 

—  DIFFUSION:  etude  de  la  vitesre  de  dissolution  d’un  alliage  solide  dans  sa  propre  phase  liquide; 

—  IMMISCIBLE:  etude  de  la  solidification  d'alliages  de  composes  non  miscibles  en  microgravite; 

3.  Biologic 

—  CYTOS-2:  comportement  en  microgravite  de  differentes  especes  bacteriennes  vis-a-vis  de  divers  antibiotiques; 
—  BIOBLOC-3:  etude  des  effet  des  rayons  cosmiques  sur  des  oeufs  d’Artenna  Salina  et  des  graines  de  tabac; 

4.  Medecine 

—  ECHOGRAPHIE:  etude  en  vol  par  un  appareil  a  effet  Doppler  et  un  echotomographe  a  balayage  electronique 
de  la  fonction  cardiovasculaire; 

—  POSTURE:  etude  de  I'adaptation  des  ajustements  posturaux  lies  a  la  mobilisation  volontaire  du  bras  ou  du 
corps  entier  a  la  microgravite; 

—  METABOLISME  hydromineral  et  calcique:  etude  sur  des  echaniillons  de  sang  et  d’urine  preleves  avant  et 
apres  le  vol. 

2.  SELECTION  ET  SURVEILLANCE  MEDICALE  DES  SPATIONAUTF.S 

La  selection  medicale  a  ete  effectue  avec  le  concours  des  experts  et  des  moyens  du  Service  de  Sante  des  Armees.  Sur 
400  candidats,  1 93  ont  ete  retenus,  sur  lesquels  5  ont  ete  selectionnes  (dont  une  femme)  a  la  suite  des  differenles  etapes 
devaluation  physique,  medicale  et  de  connaissances  scientifique  et  techniques.  En  1980.  le  choix  final  se  porta  it  sur 
J.L.Chretien  et  P.Baudry,  pilotes  de  I’Armee  de  1’Air.  Ccs  deux  candidats  se  sont  rendus  en  septembre  1 980  a  a  Cite  des 
Etoiles  pour  suivre  I’entrainement  des  cosmonautes. 

La  surveillance  medicale  a  ete  assuree,  du  cote  fran<;ais.  par  le  Medecin  Chef  des  Services  Carre,  du  Serv  ce  de  Sante 
pour  I’Armee  de  I’ Air.  Cette  surveillance  s’est  exercee  avant  le  vol,  pendant  le  vol,  a  l’atterrissage,  et  apres  le  vol. 
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3.  DEROULEMENT  DU  VOL 

Le  vol  du  Soyouz  T-6  s'cst  dans  I’ensemblc  dcroule  conformement  aux  plans  etablis,  exception  l.iitc  d’une  panne  de 
Tordinateur  de  bord  du  Soyouz  qui  a  oblige  le  pilote  V.Djanibckov  a  effcctuer  la  phase  finale  du  rendez-vous  avec  le  Saliout 
par  les  commandes  manuelles. 

A  bord  du  Saliout  7,  toutes  les  experiences  prevues  ont  ete  reatisecs,  mais  il  a  ete  necessaire  d'amenager  le  programme 
initial  de  realisation  des experiences,  le  temps  necessaire  pour  les  effcctuer  setant  revele  nettement  plus  long que  celui  prevu 
par  les  scientifiques  fran;ais. 

4.  BILAN  DU  VOL 

Sur  le  plan  scientifique  et  technique,  le  programme  de  recherches  a  ete  realise  avec  succes  de  Monsieur  Lestienne  sur 
I’experience  POSTURE,  et  du  Professeur  Pourcelot  sur  1’exprience  ECHOGRAPHiE  demontreront  tout  I’interet  de  leurs 
experiences  dans  le  domaine  de  la  medicine  spatiale,  a  la  lois  par  les  rcsultats  acquis  au  cours  de  la  mission  franco- 
sovietique,  et  par  ceux  que  Ton  peut  attendre  des  experiences  prevues  dans  un  avenir  proche  su.  la  nv.ette  spatiale  en 
cooperation  avec  la  N ASA. 

Mais  hormis  les  rcsultats  des  experiences  scientifiques,  le  vol  de  J.L  Chretiui  aura  aussi  permis  aux  specialties  fran^ais 
d'acquerir  une  experience  dans  le  domaine  des  vols  habites.  Cette  experience  sera  precieuse  car  le  C.N.E.S.  envisage  un  vol 
humain  tous  les  deux  ans  environ,  soit  avec  les  Americains,  suit  avec  les  Sovietiques.  Dans  un  avenir  plus  lointain,  cette 
experience  sera  egalement  precieuse  dans  le  cadre  d’une  collaboration  europeenne  pour  des  programmes  tels  qu’Eureca 
(plateforme  mise  en  orbite  a  500  km)  ou  Hermes  (planeur  hypersonique  habite  lance  par  Ariane  5). 


EXPERIENCE  OF  SCIENCE  ASTRONAUT 
ON  THE  SPACELAB- 1  MISSION 

by 

DrUlfMerbold 
DFVLR 
PT-PR 
Linder  Hohe 
D-5000  Koln  90 
Federal  Republic  of  Germany 


1 .  Introduction 

The  first  Spacelab  flight,  also  called  STS  9,  took  place  during  the  period  28th  Novembe: 
through  8th  December,  1983. 

Its  primary  objective  was  to  verify  Spacelab  as  a  new  platform  for  experimental  space 
sciences  in  orbit.  The  configuration  flown  on  the  first  mission  comprised  the  long 
module  and  one  pallet. 


Tig.  It  Spacelab* s  long  module  in  Columbia’s 
cargo  bay 


The  secondary  objective  of  the  flight  was  to  carry- out  72  experiments  selected  from  8 
different  science  disciplines. 


Table  1  summarizes  the  basic  mission  parameters. 
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Launch i 
Landingt 
Orbit i 


28  November  84  I61OO1OO  GMT 
Kennedy  Space  Center/Plorida 

8  December  84  23 t 47 « 24  GMT 

Edwards  Air  Force  Baae/Californla 

circular 

altitude  1  24o  km 
inclination!  57° 


Table  X  -  STS  9  Mission  Parameter a 


2.  SL  Flight  Performance  and  Mission  Peculiarities 

Originally,  the  mission  was  planned  to  last  for  9  days,  but  because  Spacelab  and  the  sci¬ 
entific  instruments  flown  consumed  less  power  than  anticipated,  the  flight  could  be  ex¬ 
tended  to  1o  days,  7  hours  and  47  minutes.  The  mission  thus  established  the  long-duration- 
record  for  Space  Shuttle  flights.  Some  other  * firsts"  related  to  Spacelab  1  are  described 
be  low  i 

i)  It  was  the  first  time  that  NASA  had  launched  a  large  system  on  a  manned 
flight  which  was  not  built  in  the  United  States.  With  the  first  flight 
of  Spacelab,  which  was  built  by  the  European  Space  Agency  (ESA) ,  the  era 
of  manned  space  flight  with  European  involvement  began. 

ii)  The  inclination  of  57°  (the  typical  inclination  for  a  low  earth  orbit  of 
the  Shuttle  is  28.5°)  caused  a  ground  track  oscillating  between  57° 
northern  and  57°  southern  latitude. 

The  primary  objective  -  verification  of  Spacelab  -  could  be  achieved  with  a  great  deal  of 
success.  Spacelab,  as  a  system  and  a  platform  to  utilise  the  Shuttle's  potential  for  ex¬ 
perimental  space  research,  worked  superbly  and  proved  the  soundness  of  the  design  and  the 
high  standard  of  workmanship.  Spacelab  supported  the  experiments  exactly  as  planned  and 
provided  an  excellent  and  pleasant  working  environment  for  the  crew  inside  the1  habitable 
module.  As  a  general  summary,  it  can  be  stated  that! 

Spacelab  (built  by  ESA)  is  now  a  proven  platform 
for  space  science.  It  is  very  versatile  and 
supports  a  large  variety  of  experiments.  Its 
working  environment  is  excellent. 


3.  Crew 

The  crew  who  flew  on  STS  9,  comprising  6  astronauts,  can  be  split  into  the  Shuttle  crew 
and  the  Payload  crew. 

The  Shuttle  crew  was  made  up  of  Commander  John  Young  and  Pilot  Brewster  Shaw;  the  Payload 
crew  consisted  of  Mission  Specialists  Owen  Garriott  and  Robert  Parker  and  the  two  Payload 
Specialists  Byron  Lichtenberg  and  Ulf  Merbold 


Fig.  2  i  Crew  of  STS  9 


For  the  first  tins  ths  crew  on  STS  9  workud  in  two  shifts  around  tha  clock. 


Tha  flight  demonstrated  that  two-shift  " 

operation  works  extremely  well  and 
enhances  the  scientific  return  substan¬ 
tially. 

The  Fay load  Specialists  were  non-career  astronauts.  They  were  selected  by  the  Principal 
Investigators  and  worked  on  board  as  their  surrogates.  The  Payload  Specialists  were 
the  prime  operators  of  the  experiments  and  exclusively  dedicated  to  the  science. 

The  Mission  Specialists  were  responsible  for  the  maintenance  of  Spacelab  as  a  aystem 
and  for  the  verification  objective.  Since  there  were  almost  no  problems  associated 
with  Spacelab,  they  were  also  heavily  involved  in  experiment  operation. 

The  payload  crew  conducted  the  experiments  interactively  so  as  to  optimise  the 
scientific  return  and  at  least  ensure  high  quality,  data. 

First  analysis  of  the  enormous  amount  of  data  acquired  during  the  SL-1  Mission  (more 
than  10^2  bits)  reveals  many  spectacular  discoveries,  such  as  the  observation  of 
caloric  nystagmus  in  weightlessness  (1 ) ,  the  appearance  of  circumnutation  during  the 
growth  of  sunflowers  (2),  the  observation  of  beam-plasma  interactions  (1,  4)  and 
auprathermal  electrons  (4) ,  the  successful  growth  of  Varga  protein  single  crystals  (S) 
or  the  observation  of  Marangoni  flows  in  large  columns  of  silicon  oil  (6) . 

The  scientific  success  of  the  mission  proves  the  concepts 


The  Pest  guarantee  for  acquiring  good  science 
on  a  scientific  spaceflight  is  to  send  scien¬ 
tists  (Payload  Specialists)  into  orbit. 

As  a  personal  remark,  I'd' like  to  mention  that  all  crewmen  aboard  worked  hand- lnrh and 
to  form  an  effective  team. 

3. I  Crew  Training 

The  training  programme  was  aimed  at  enabling  each  member  of  the  Payload 
Crew  to  conduct  any  experiment,  e.g.  full  crew  training. 

The  consequence  was  that  all  of  us  were  forced  to  study  new  disciplines,  starting  from 
their  basics  and  ending  in  an  area  between  the  known  and  the  unknown  from  where  good 
experiments  come  from. 

Training  was  decentralised,  which  means  that  the  Payload  Crew  went  to  the  sites  of  the 
Principal  Investigators.  The  disadvantage  of  the  heavy  travel  load  was  more  than  com¬ 
pensated  by  the  advantage  of  being  able  to  meet  not  only  the  Principal  Investigator 
in  his  laboratory  but  also  his  co-workers  and  experts  on  optics,  electronics,  data 
acquisition,  software,  etc.  For  that  reason  it  can  be  said: 


For  a  complex  mission  (like  Spacelab  1), 
decentralised  training  is  optimal. 


4.  Control  of  Experiments  and  Operations 

As  mentioned  above,  Spacelab  offers  for  the  first  time  the  capability  to  perform  ex¬ 
periments  Interactively;  that  is  to  say,  the  data  acquired  by  an  instrument  can  be 
analysed  in  real-time  and,  based  on  the  result,  commands  can  be  issued  so  as  to 
optimise  science  return.  In  other  words,  close-loop  control  is  typical  for  the 
operational  philosophy  of  Spacelab  experiments. 


A  total  of  5  different  control  loops  can  be  identified  (Figure  3)  (7) . 


fig,  3 i  Data  flow  and  control  of  Spacelab  experiment* 


The  fastest  control  over  an  instrument  is  achieved  by  a  dedicated  microprocessor  which 
is  considered  as  being  part  of  the  experimental  hardware.  Typical  response  time  is  in 
the  order  of  t  k  yusec. 

In  case  more  complex  software  is  needed  for  optimal  control  the  experiment  computer 
(CDMS  "  Command  and  Data  Management  System) ,  provided  by  Spacelab,  can  be  utilised 
and  is  an  example  of  the  support  given  to  the  experiments. 

The  scientific  instrument  communicates  with  the  CDMS  via  the  Remote  Acquisition  Units 
(RAU's)  which  are  standardised  interface  boxes. 

The  RAU  can  cope  with  analog  and  discrete  signals,  as  well  as  with  serial  information. 
All  channels  are  serviced  via  the  General  Measurement  Loop  (GMI.)  with  a  frequency 
of  typically  1  H2.  The  reaction  time  of  this  loop  is  in  the  order  of  t  »  1o  msec. 

The  third  loop  brings  the  Payload  Crew  into  play.  The  scientists  aboard  receive  informa 
tlon  from  a  display  unit.  They  issue  comminds  from  a  keyboard. 

The  ability  of  a  human  being  to  learn  and  react  flexibly  is  an  essential  ingredient 
for  mission  success. 

An  automated  system  can  only  act  as  progrc — -d  pre-flight,  and  should  be  used  for 
routine  operations.  However,  In  situation-  /^ere  things  happen  in  an  unforeseen  way 
(such  as  in  fluid  physics  on  Spacelab  1),  omputer  will  not  ensure  a  meaningful 
approach . 

But  a  trained  Payload  or  Mission  Specialist  in  this  situation  is  extremely  successful 
in  acquiring  good  science.  The  typical  response  time  of  the  scientist  on  boerd  is 
t  min. 

The  forth  way  of  experiment  control  is  based  on  a  downlink  data  channel.  Its 
digital  data  transmission  capability  is  5o  Mb/sec.  This  high  rate  of  data  allows 
control  of  experiments  from  the  Payload  Operations  and  Control  Center  (POCC)  on  the 
ground  in  real  time.  The  uplink  channel  is  available  to  send  commands  from  POCC  to 
the  experiments.  The  response  time  is  tvoically  t*  hours,  but  it  can  be  much 
shorter . 

A  shortcoming  of  the  control  by  POCC  is  that  the  downlink  and  uplink  are  only  available 
during  periods  of  contact  via  relay-satellite. 

The  last  loop  is  non-interactive  during  the  mission.  It  is  based  on  samples  or  exposed 
film  brought  back  from  space  which  ere  analysed  post-mission.  The  only  way  to  react 
on  results  obtained  is  to  repeat  the  experiment  in  a  modified  way  on  another  fliqht 
in  the  future. 


y ' >  .>  .V' .  WT#  s. 


/ 
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Xn  summarising,  It  can  b«  stated  that  the  most  Important  lsason  learned  on  SL-1  la  tha 
following: 


Xn  order  to  optimise  the  scientific  result 
of  epace-acianca  experiments  or  to  ensure  at 
least  good-quality  data,  they  should  be  per¬ 
formed  interactively  in  realtime. 

(Two  methods  are  feaaiblet 

-  The  trained  scientist  on  board  conducts 
the  experiment. 

-  Data  are  sent  to  POCC  in  realtime  where 
the  Principal  Investigator  conducts  his 
experiment  (limited  to  periods  of  contact) . 

5.  Scientific  Disciplines  on  Spacelab  1 

The  Spacelab-1  Mission  was  unique  because  of  its  complexity  and  the  many  scientific 
disciplines  involved. 

Table  2  gives  an  overview  of  the  relative  numbers  of  experiments  per  discipline  and 
splits  them  between  experiments  selected  by  NASA  and  those  selected  by  ESA. 


DISCIPLINE 

NASA 

ESA 

TOTAL 

Astronomy 

1 

2 

3 

Atmospheric  Physics 

1 

3 

4 

Earth  Observation 

- 

2 

2 

Life  Sciences 

7 

9 

16 

Material  Science 

- 

37 

37 

Solar  Physics 

1 

2 

3 

Space  Plasma  Physics 

2+ 

4 

6 

Technology 

1 

0 

1 

13  59  72 


INS  002  i  SEPAC  experiment 

Principal  Investigator  :  T.  Obayashi 

University  of  Tokyo 


TABLE  2  -  SCIENTIFIC  DISCIPLINES 


Table  2  reveals  that  the  number  of  European  experiments  (59)  was  more  than  four  times 
higher  them  che  number  of  US  experiments  (13). 

The  resources  of  the  flight,  e.g.  mass,  energy  and  crew-time,  were  shared  between  NASA 
and  ESA  on  a  5ot5o  basis.  In  spite  of  the  resulting  smaller  average  resource  budget 
allocated  to  an  average  European  experiment,  the  scientific  accomplishments  are  quite 
spectacular. 

5.1  Human  Physiology  Experiments 

Eleven  of  the  experiments  from  the  life  sciences  discipline  dealt  with 
human  physiology.  They  all  were  special  for  the  crew  because  the  crewman  was  operator 
and  test  subject  at  one  and  the  same  time. 

The  human  physiology  experiments  can  be  divided  into  three  categories: 

I.  Vestibr.lar  O’-gan  and  Neurophysiology 

1  NS  1o2  :  L.  Young  et  al.  /  MIT  Cambridge 
"  Vestibular  Experiments" 

1  NS  1o4  :  M.  Reschke  et  al.  /  NASA-JSC,  Houston 
"Vestibular-Spinal  Reflex  Mechanisms* 

1  ES  2o1  :  R.  V.  Baumgarten  et  al.,/  Universitat  Mainz 
"  Effect  of  Rectilinear  Acceleration  etc." 

1  ES  o25  :  3.  Ross,  University  of  Stirling 

"Mass  Discrimination  during  Weightlessness" 

1  ES  o3o  :  H.  -  L.  Green  /  Clinical  Research  Center,  Harrow 
"Personal  Miniature  Electro-Physiological  Tape  Recorder" 


SS.  Cardiovascular  Adaptation  and  Blood  Voluma  Regulation 

1  BS  o2*  t  X.  Klrsch,  Praia  DnivaraitBt/Barlin 
"Central  Vanous  Pressure* 

1  BS  o2B  t  A.  Beano,  Univoraity  of  Roma 
'Ballistocardiographic  Research  in  Weightlessness” 

1  BS  o32  i  X.  Xirsch/L.  ROcker,  Preia  Univeraittt/Berlin 
'Collection  of  Blood* 

t  MB  1o3  i  C.  Leach/  NASA-JSC,  Houston 

'Influence  of  Space  Plight  on  Eurythroklnetic  in  Man" 


ZXZ .  Z sauna  System 

1  B8  o31  i  A.  Cogoli/  ETH,  Zttrich 

'Effect  of  Weightlessness  on  Lymphocyte  Proliferation* 

1  MB  1o3  t  E.  Voss,  University  of  Illinois 
'Effects  on  Prolonged  Weightlessness" 


All  of  the  human  physiology  experimenters  established  a  sound  set  of  baseline  data  by 
pre-  and  post-flight  tests  so  as  to  observe  the  impact  of  the  space  environment  by 
comparison.  Baseline  data  were  acquired  on  each  individual  member  of  the  Payload  Crew 
9o,  6o,  3o  and  15  days  prior  to  flight  and  also  during  the  week  following  tho  landing. 
The  testing  was  so  excessive  that  some  crewmen  were  test  subjects  for  13  consecutive 
hours.  Since  the  load  of  testing  is  accumulative,  the  subject  might  become  exhausted 
after  such  a  period  of  time.  In  this  case,  the  scientific  significance  of  data  would 
be  impaired.  Therefore! 


Medical  testing  should  be  limited  to  such 
an  extent  that  subjects  do  not  become 
exhausted . 


6.  Summary 

My  experience  on  Space lab  i  can  be  summarised  as  follows t 


-  The  Space lab- 1  Mission 
of  Spacelab  demons 
of  workmanship. 

-  The  scientific  res1 


was  highly  successful  because  the  verification 
tjrated  the  soundness  of  the  design  and  the  quality 


■u|lts  obtained  to  date  are  very  good. 
The  major  reasons  for  the  scientific  success  were! 

tlhod 


of  performing  and  optimising  the  experiments 
dined  scientists  on  board 


The  interactive  me 
The  presence  of  tr 
Two-shift  operationj 

The  capability  to  interact  with  the  POCC  and  the  very  close  cooperation 
between  the  Principal  Investigator  on  the  around  and  the  Payload  Crew. 


I  am  honored  to  have  been  parti 
I'd  like  to  thank  the  Principq 
who  finally  delegated  so  much 

I  think  this  way  of  conducting 
Shuttle/Spacelab  opens  up  new 


of  the  Sl-1  Mission,  which  started  a  new  era  in  spaoe  science 
1  Investigators  who  patiently  trained  us  for  years  and 
responsibility  to  the  Payload  crew. 

operations  combined  with  the  capabilities  of  tfre 
horizons  for  basic  research  and  its  application. 
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ABITRACT 

Tha  Buropaan  vaatibular  experiment!  on  Spacalab  1  vara  daclgnad  to  explore  vaatibular  adaptation  to  tha 
apaca  environment  and  ra-adaptation  to  tha  ground  by  conducting  a  aarlaa  of  vaatibular  taata  which  vara  re- 
paatad  aavaral  tlawa  at  diffarant  atagaa  bafore,  during,  and  aftar  tha  miaaion.  Tha  taata  included  tha 
threshold  for  linear  oaclllation,  ay t  nova manta  triggered  by  angular  acceleration,  optokinetic  and  caloric 
atiaulation,  and  iseaaurementa  of  poatura.  Slow-phaee  velocity  of  caloric  nyatagmua  vaa  increaaing  in  tha 
courae  of  tha  alaalon.  Tha  raaulta  of  moat  taata  could  be  interpreted  aa  indicating  a  dacreaatng  gain  of 
CNS-proceaalng  of  otolithic  information  during  vaatibular  adaptation  to  tha  apaca  environment. 

A  aarlaa  of  vaatibular  taata  vara  performed  12C,  9C,  60,  30  and  11  daya  before  tha  Space lab- 1 -miaaion  and 
again  during  tha  firat  6  daya  after  recovery  of  tha  apaca  craft.  Similar  experloenta  vara  performed  during 
tha  miaaion  on  board  Spacalab  by  tha  "red  shift"  of  tha  Spacalab  aciantlfic  craw. 

Aftar  our  linear  acceleration  device  "Spaca-Sled"  waa  dee coped  for  tha  SI,  1-mlselon  and  postponed  to  the 
D  1-mission  a  body  reatralnt  system  (BPS)  waa  constructed  which  allowed  linear  oscillation  of  the  experl - 
mental  subject  in  three  different  axes  by  hand  operation  of  the  operator.  The  teat  subject  wore  our  vesti¬ 
bular  helmet,  which  contained  the  electrooculography  amplifiers  and  a  device  for  insurflatlon  of  heated  or 
cooled  air  into  tha  aara  during  tha  caloric  teat.  An  infrared  sensitive  cCD-camera  (EMIR)  allowed  to  re¬ 
cord  the  moveannta  of  the  right  eye  including  eye-rotation.  Tha  EMIR-  system  was  computing  tha  XY-dlsplace- 
menta  of  tha  aye  for  display  on  a  atripchart  recorder  in  tha  payload  operation  center.  In  front  of  tha  left 
eye  waa  a  TV -monitor  mounted  in  a  visor  of  tha  helmet  for  optokinetic  stimulation ,  calibration  and  target 
cross  resetting. 

MEASUREMENTS  OF  LINEAR  THRESHOLD 

A  linear  oscillation  device  was  constructed  using  air  bearings  to  minimize  noise  and  vibration.  The  sub¬ 
ject  waa  oscillated  on  it  during  pre-  and  postflight  testa  at  a  frequency  of  0.3  hertz  in  the.:¥.Y-  and 
Z-body  axes.  The  accelerating  stimulus  could  bo  increased  or  decreased  stepwise  by  0.5  dB  when  the  subject 
indicated  by  joystick  deflection  that  he  crossed  the  threshold  Detection  of  motion  was  tested  seperately 
from  detection  of  direction  of  motion.  The  inflight  data  on  threshold  are  at  present  still  fragmentary. 

Only  measures  taken  on  days  4  and  6  are  available  now.  They  show,  that  linear  threshold  on  both  crew  mem¬ 
bers  in  all  three  axes  was  inflight  considerably  elevated  as  compared  to  the  pre-  and  postflight  control 
data.  However  we  don't  have  the  threshold  yet  re  the  very  early  part  of  the  flight.  The  postflight  thresh¬ 
old  values  were  not  significantly  different  from  the  preflight  ones  except  for  the  Z-axls,  which  was  sig¬ 
nificantly  elevated  early  postflight  as  compared  to  preflight.  The  threshold  for  detection  of  direction 
of  motion  was,  as  expected,  always  higher  than  the  threshold  for  motion  regardless  of  direction. 

ANGULAR  ACCELERATION 

Response  to  angular  acceleration  was  tested  on  a  hand  driven  rotating  chair  pre-,  in-  and  postflight  in 
the  X-  or  Z-axis  of  the  head.  Hie  eyes  were  either  closed  during  the  tests,  or  a  fixed  collimated  light  was 
observed.  The  V0R  gain  was  found  to  be  comparable  pre-  and  postflight  when  measured  with  closed  eyes.  How¬ 
ever,  when  measured  with  open  eyes  and  fixation  of  a  target,  the  gain  of  the  VOR  at  1  hertz  was  signifi¬ 
cantly  lowered  postflight  as  compared  to  pref light.  This  could  indicate  an  increased  dependence  of  visual 
as  opposed  to  vestibular  mechanisms  in  the  course  of  space  adaptation. 

Eead  movements  in  the  pitch  axis  with  closed  eyes  revealed  a  smaller  gain  of  the  VOR  inflight  than  on  the 
ground.  This  experiment  suggests  that  the  otoliths  significantly  contribute  to  the  gain  of  the  VOR  in  the 
pitch  axis  and  that  in  the  space  environment  the  vestibular  contribution  as  compared  to  the  visual  con¬ 
tribution  decreases  during  space  adaptation.  Possibly  the  unusual  pattern  of  impulses  from  the  otolithes 
during  head  movements  in  space  contributes  to  space  motion  sickness,  which  stated  by  the  astronauts  as 
being  exacerbated  during  all  pitching  head  movements. 

OCCULAR  COUNTER  ROLLING  TESTS 

Occular  counter-rotation  was  measured  pre-  and  postflight  at  lateral  tilt  angles  of  90  degrees  left  and 
right.  PS1,  PS2  and  MSI  had  significantly  less  occular  counter-rotatioq  than  preflight.  Any  preflight 
assymetry  between  counter  rotation  when  tilting  to  the  left  and  to  the  right  was  increased  postflight. 
These  findings  agree  with  counter  rotation  data  already  found  after  the  STS8-flight. 

LUMINOUS  LINE  TESTS 

Measurements  of  the  deviation  of  the  subjective  vertical  from  the  true  vertical  (luminous  line  tests)  at 
different  tilt  angles  of  the  body  were  conducted  pre-  and  postf light.  The  deviation  from  the  true  vertical 
at  steep  tilt  angles  was  larger  postflight  than  preflight.  Again  all  subjects  exhibited  considerably  more 
bi-lateral  aasymetry  when  tilting  to  the  left  and  to  the  right  postfligh  :  as  compared  to  preflight. 
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SUMMARY. 

A  series  of  experiments  ware  performed  during  the  flight  of  Specclab  1 
to  explore  changes  in  vestibular  function  and  visual-vestibular  interactions 
associated  with  adaptation  to  microgravity.  Tests  were  also  conducted  on  the 
ground  during  the  four  months  before  flight  and  over  the  six  days  poet-flight. 
Measurements  were  made  of  the  threshold  for  detection  of  linear  oecillation  and 
of  vestlbulo-ocular  reflexes  elicited  by  angular  and  linear  accelerations  and  by 
optokinetic  and  caloric  stimuli.  These  revealed  changes  associated  with  the 
modified  otolithic  afference  in  microgravity,  though  the  most  unexpected  finding 
was  that  caloric  stimulation  in  orbital  flight  evoked  nystagmus  comparable  to 
'.hat  obtained  on  earth. 


INTRODUCTION. 

Spatial  orientation  in  the  atypical  force  envtronnrnt  of  orbital  flight,  as  on  tt.e  surface  of  earth,  is 
dependent  upon  information  provided  by  the  eyes  ant  y  vestibular  and  somaesthetlc  mec  ha  no  receptors.  In 
microgravity  the  greatest  change  will  occur  in  those  s*  ory  systems  whose  receptors  are  stimulated  on  earth 
by  the  linear  acceleration  of  gravity,  notably,  the  specialised  end-organs  of  the  vestibular  apparatus  -  the 
utricular  and  saccular  maculae  (more  commonly  called  the  otolith  organs).  In  microgravity  the  otoliths  no 
longer  provide  information  of  the  orientation  of  the  head  in  pitch  end  roll,  though  they  will  be  stimulated  by 
the  transient  linear  accelerations  generated  by  voluntary  movements  of  the  head  and  locomotor  activities. 
Indeed,  it  is  the  presence  of  atypical  signals  from  the  otoliths,  in  the  presence  of  veridical  information  from 
the  semicircular  canals,  that  M  regarded  as  the  primary  aetiology  of  space  motion  sickness  (Reason  A  Brand, 
1975{  Benson,  1977j  Oman  et  al.  1984)  -  a  disability  which  has  afflicted  some  50%  of  astronauts  during  the 
first  few  days  of  space  flight.  Adaptation  to  the  weightless  environment  is  thus  likely  to  Involve,  primarily,  a 
modification  of  the  neural  processing  of  signals  from  the  otoliths,  though  this  may  also  impact  those  visual 
and  vestibular  mechanisms  (and  their  interactions)  which  are  intimately  involved  in  equilibratory  function. 

The  ■  set  of  experiments  (coded  ES201)  proposed  by  the  consortium  of  European  investigators  to  be 
performed  on  the  First  Spaeelab  Mission  (SL-1)  was  designed  to  provide  a  better  understanding  of  the  effect 
of  mierogiavity  on  vestibular  function  and  visual-vestibular  interactions  in  man,  and  of  the  process  of 
adaptation  to  this  atypical  force,  environment.  The  absence  of  significant  linear  acceleration  in  orbital  flight 
also  afforded  an  opportunity  to  test  directly  the  theory  that  the  nystagmus  induced  by  thermal  stimulation 
(calorie  response)  was  caused  by  anisotropic  changes  in  density  (sic  thermal  convection)  of  the  endolymph 
within  the  stimulated  semicircular  canal. 

» 

METHODS. 

ApparabB.  The  principal  equipment  employed  in  the  flight  experiments  consisted  of  a  peri-cephalic  structure  - 
the  'Vestibular  Helmet'  -  and  a  skeletal  collapsible  seat  -  the  'Body  Restraint  System'  (BRS).  The  'vestibular 
helmet'  (fig  I)  was  equipped  with  two  eye  movement  recording  systems.  One  employed  conventional  electro¬ 
oculography  (EOG)  to  transduce  vertical  and  lateral  eye  movements,  the  other  (the  EMIR  system)  consisted  of  a 

CCD  (charge-coupled  device)  television  camera  which  relayed  a  digitised  image  of  the  subject's  left  eye, 

illuminated  by  IR  emitting  diodes,  to  ground  equipment  where  the  X  and  Y  co-ordinates  of  eye  position  were 
computed  in  real  time.  The  helmet  carried  in  front  of  the  subject's  right  eye  a  collimated  cathode  ray  tube 
display  which  was  used  to  present  cither  optokinetic  stimuli  or  a  target  cross,  the  latter  display  also  being 
used  for  calibration  of  the  eye  movement  recording  systems.  Caloric  stimulation  was  achieved  by  insufflation 
of  air,  heated  or  cooled  by  Peltier  elements  to  controlled  temperatures,  into  the  external  ear  canals  via  small 
tubes  located  in  the  ear-cups  of  the  helmet.  Also  within  the  helmet  were  signal  conditioning  amplifiers  for 

the  triaxial  servo-accelerometers  which  were  mounted  either  on  the  helmet  or  on  the  subject's  dental  bite.  In 

those  experiments  where  the  subject  had  to  signal  his  responses,  a  small  two-axis  joystick  or  a  rotary  conirol, 

which  were  mounted  in  a  small  box  held  by  the  subject  in  one  hand,  was  employed. 

The  test  subject's  head  was  securely  located  within  the  helmet  by  adjustable  pads  and  by  an  individually 

moulded  'goggle'  which  interfaced  with  the  optics  of  the  EMIR  camera '  and  the  CRT  display.  In  most 
experiments  the  test  subject  was  seated  in  a  yogic  position  in  the  BRS  and  restrained  by  a  five  point 
harness.  The  helmet  was  clamped  to  the  backrest  of  the  BRS  so  dynamic  stimuli  could  be  given  without 

significant  relative  movement  between  the  subject  and  the  experimental  hardware.  The  BRS  could  also,  be 
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fixed  th  different  orientation*  to  a  simple  bearing  located  on  the  floor  (centre  aisle)  of  Spacetab.  This 
configuration  was  employed  in  those  experiment!  where  responses  to  angular  motion  stimuli  were  Investigated. 

for  the  ground-based  tests,  performed  pre-  and  poet-flight*  a  'vestibular  helmet1  similar  to  th*  flight 

model  was  employed.  In  addition,  a  tilt-table  able  to  orientate  the  subject  In  th*  roll  axis  In  incremental 

positions  of  up  to  90*  from  the  vertical  was  used  to  study  ocular  counter-rolling  and  perception  of  th* 

vertical.  Thresholds  for  the  detection  of  linear  motion  war*  determined  with  the  aid  of  a  1  m  stroke, 
horiaontal  linear  oscillator  (th*  BLTDD)  fitted  with  an  air  bearing  carriage  to  minimis*  adventitious  motion 

cues.  Oculomotor  rsuponses  to  angular  oscillation  were  elicited  on  a  hand  driven  turntable  on  which  the 

subject  could  be  orientated  so  that  th*  X  or  Z  axis  of  his  head  was  either  co-axial  with,  or  1  m  distant 
from,  th*  centre  o'  rotation. 

Procedure.  The  battery  of  tests,  to  which  th*  two  Mission  Specialists  and  two  Payload  Specialists  were 
subjected  pre  and  poet-flight,  were  carried  out  in  th*  Baseline  Data  Collection  Facility  Laboratory  at  NASA 

Dryden  FRF,  Edwards  AFB,  Ca.  The  ES201  experiments  were  integrated  with  those  of  other  investigators  and 
were  performed  according  to  a  fixed  schedule  in  order  to  stabilise  order  and  circadian  effects.  Pre-flight 

measure*  were  taken  on  five  occasions  (nominally,  120,  90,  64,  43  and  11  days  before  launch),  and  post-flight 
measures  were  taken  on  th*  first,  second,  fourth  and  sixth  day  after  landing. 

During  th*  flight  of  Spac*lab-1,  experiments  were  conducted  throughout  th*  mission, .  with  major  blocks 
of  time  allocated  on  th*  first  and  th*  sixth  day  for  the  ES201  experiments.  These  were  performed, 
principally,  by  th*  two  crew  members  (coded  for  anonymity)  C  and  D.  Further  details  of  th*  equipment  and 
procedures  employed  accompany  th*  description  of  the  separate  experiments  which  follow. 

RESULTS  AND  DISCUSSION. 

Thresholds  for  Detection  of  Linear  Oscillation. 

Studies  carried  out  by  Walsh  (1961)  indicate  that  the  perception  of  whole-body  linear  oscillation  of 
limlnal  intensity  at  frequencies  below  1 .  H*  is  primarily  dependent  upon  the  integrity  of  the  otolith  organs. 

Thus,  measures  of  the  thr^iliold  of  detection  of  such  motion  stimuli  provide  information  on  the  processing  of 
otolithic  signals  within  the  central  nervous  system  and  of  how  this  may  be  altered  by  exposure  to 
microgravity. 

Determination  of  the  thresholds  for  detection  of  linear  oscillatory  motion  at  0.3  He  in  the  X,  Y  and  Z 
body  axes  were  made  both  in-flight  and  on  the  ground.  For  pre- and  post-flight  tests  a  servo-controlled,  air¬ 
bearing,  mini-Sled  (BLTDD)  was  employed  to  generate  a  continuous  oscillatory  stimulus  which  increased  or 
decreased  in  intensity  by  0.5  dB  per  half  cycle.  The  psychophysical  procedure  was  a  single  staircase,  with 
threshold  being  determined  by  the  method  of  limits  (Engen,  1972).  Typically,  in  each  test  sequence  of  48 
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Thresholds  for  th*  detection  of  vhole-body 
linear  oscillation  at  0.3Hz  determined  by 
the  Hod*  1  procedure.  Ordinete  values  are 
peak  half-amplitude  of  the  stimulus  at 
threshold,  averaged  for  the  two  astronauts 
in  aach  crev. 


oscillatory  cycles  there  were  8-12  reverotls  of  the  stimulus  Intensity  trajectory.  Two  teat  procedures  were 
employedj  In  Mod*  I  tho  tubjoot  Indicated,  by  moon*  of  •  key  twitch,  whenever  ho  could  dotaet  tho 

oscillatory  motion,  In  Mod#  1  tho  tubjoot  had  to  signal  tho  direction  of  tho  perceived  motion.  In  flight,  an 
attempt  wea  made  to  replicate  the  ground-based  procedure.  The  teat  aubject,  reatrained  in  the  BRS,  waa 
moved  by  another  crew  member  in  an  approximately  alnuaoldal  manner  at  0.3  Ha.  As  on  the  ground,  the 
amplitude  of  the  linear  oacillatory  motion  waa  increaaed  until  the  » object  signalled  detection  of  motion  and 
decreaaed  until  he  ceaaed  to  signal. 

Analysis  of  variance  of  the  pro  and  poet-flight  threshold  data  revealed  a  significant  overall  difference 
In  the  responses  of  the  Red  Crew  (astronauts  C  and  D)  and  the  Blue  Crew  (astronauts  A  and  B)  which  waa 
caused,  principally,  by  their  differing  behaviour  in  the  first  post-flight  test  (R+l).  The  reason  for  this 

difference  is  uncertain,  though  as  the  Red  Crew  were  always  tested  at  the  beginning  of  arch  test  day  and 
the  Blue  Crew  some  6  hours  later,  there  is  a  priori  justification  for  analysing  and  dlspliying  (fig  2)  the 
results  of  the  two  crews  separately. 

Base-line  measures  of  threshold  determined  by  the  Mode  I  procedure  exhibited  reasonable  test-retest 

reliability  without  consistent  trend  except  for  tho  Z  and  Y  axis  thresholds  of  the  Blue  Crew  which  tended  to 
Increase  with  repetition  of  the  test  procedure.  Z  axis  threshold  was,  as  expected  (Gundry,  1978),  consistently 

(P*0.001)  higher  than  the  X  and  Y  axis  thresholds,  the  latter  not  differing  significantly  from  one  another. 

Currently,  data  from  the  flight  experiment  are  confined  to  one  set  of  observations  made  on  subjects  C 
and  D  on  Mission  Day  7  and  on  subject  B  in  the  X  and  Y  axis  on  Mission  pay  5.  The  reliability  of  these 
data  is  suspect  becauae  of  a  possible  1  or  2  bit  error  in  the  digitisation  of  Vn*  accelerometer  signals: 

However,  with  this  caveat,  all  the  measures  obtained  in  flight  were  higher  than  any  of  the  base-line  values 
for  the  respective  subject  and  stimulus  axis.  Relativa  to  the  mean  base-line  thresholds,  the  thresholds 

determined  in  flight  were  raised  by  a  factor  of  l.S-4.3. 

On  the  initial  poat-flight  test  (R+l),  the  Red  Crew  showed  a  significant  elevation,  with  respect  to  base¬ 
line,  of  both  the  X  axis  (P=0.01)  and  Y  axis  (P=0.05)  thresholds,  but  the  Z  axis  threshold  did  not  differ  from 
base-line.  In  contrast,  the  Blue  Crew  exhibited  a  significant  (P=0.05)  reduction  in  X  and  Y  axis  thresholds  and 
an  even  more  intense  (P«0.C1)  reduction  in  Z  axis  threshold  relative  to  the  base-line  measures. 

On  R+2,  the  X,  Y  and  Z  axis  thresholds  of  both  crews  did  not  differ  significantly  from  bare-line, 

though  on  R+4  and  R+8  the  X  axis  threshold  of  the  Red  Crew  was  elevated  (P=0.05).  The  Z  axis  threshold  of 

the  Blue  Crew  was  also  raised  (P=0.05)  on  R+4.  With  the  exception  noted  above,  all  thresholds  had  returned 

to  base-line  by  the  sixth  post-flight  day. 

Responses  recorded  during  the  Mode  2  procedure  in  pre  and  poet-flight  tests  were  used  to  calculate 

50%  detection  thresholds,  but  the  restricted  number  of  stimulus  cycles  performed  In  flight  did  not  provide 
adequate  data  on  response  frequency  as  a  function  of  stimulus  intensity  from  which  detection  thresholds  could 
be  derived.  Comparison  of  the  thresholds  obtained  by  the  Mode  1  and  Mode  2  procedures  revealed  a 

•  significant  (P=0.05)  correlation  between  the  two  measures  in  the  Y  and  Z  axes  though  not  in  the  X  axis. 

Thus  the  changes  observed  in  the  Mode  2  thresholds,  post-flight,  exhibited  similar  features  to  those  found 
using  the  method  of  limits.  Notaoly,  the  Red  Crew  had  an  elevation  (P=0.05)  of  X  and  Y  axis  thresholds  on 
R+l  but  no  change  in  the  Z  axis,  whereas  the  Blue  Crew  showed  lowered  Z  (P=0.01)  and  Y  (P=0.05)  axis 
thresholds,  on  the  Initial  post-flight  test.  Subsequent  measures  on  both  crews  failed  to  yield  thresholds  which 
differed  significantly  from  base-line. 

Angular  Vestibulo-ocular  Reflex;  Canal-otolith  Interactions. 

Vesttbulo-ocular  Reflex  in  Pitch  and  Yaw.  It  has  long  been  recognised  that  the  semicircular  canals  are  of 

prime  importance  in  the  stabilisation  of  eye  position,  but  the  contribution  of  the  otoliths  to  the  vestibulo- 
ocular  reflex  (VOR)  is  relatively  poorly  understood.  Some  modulation  of  the  VOR  In  the  horizontal  plane  by  a 
changing  linear  acceleration  vector  has  been  demonstrated  (Benson,  1970)  as  has  the  induction  of  a  horizontal 
nystagmus  by  linear  oscillation  in  the  Y  axis  of  the  skull  (Niven  et  al.  1988).  However,  it  is  in  the  VOR 
responses  to  to  angular  head  movements  in  pitch  and  roll,  that  the  otoliths  might  be  expected  to  be  of 
greater  functional  significance.  On  earth,  head  movements  in  pitch  and  roll,  apart  from  stimulating  the  vertical 
semicircular  canals,  concomitantly  stimulate  the  otoliths  by  virtue  of  the  change  in  their  orientation  to 

gravity.  In  contrast,  head  movements  in  yaw  do  not  necessarily  alter  the  direction  in  which  gravity  acts  on 
the  otoliths.  It  is  difficult,  on  the  ground,  to  assess  the  exact  contribution  of  the  otoliths  to  the  vertical 
VOR.  However,  microgravity  provides  a  privileged  situation  because  the  normally  correlated  otolithic  signal 
during  an  angular  head  movement  in  pitch  or  roll  is  absent.  It  was  hypothesised  that  in  space  the  gain  cf 
the  pitch  VOR  would  be  lower  and  that  there  would  be  larger  phase  errors  than  in  the  normogravic 
environment,  whereas  the  yaw  VOR  would  be  little  affected.  This  hypothesis  was  tested  by  an  ad  hoc 
experiment  which  the  crew  were  instructed  to  perform  following  failure  of  the  optokinetic  pattern  generator 
on  the  first  day  in  orbit. 

The  subject  was  asked  to  shake  his  head,  with  eyes  open,  at  1  Hz.  Head  movements  were  measured  by 
linear  accelerometers  and  eye  movements  recorded  by  EOG  and  EMIR.  When  the  subject  reported  no 

oscillopsia  with  eyes  open,  it  was  asrvmed  that  head  and  eye  movements  were  nearly  the  same  (l.e.  gain  of 
VOR=l).  Head  oscillation  was  then  repeated  at  this  rmplitude,  but  with  eyes  closed.  An  approximate  value  of 
VOR  gain  was  obtained  by  comparison  of  the  eye  movements  made  with  eyes  open  and  eyes  closed.  Two 
methods  of  analysis  were  employed  to  determirs  the  VOR  gain  in  pitch  and  yaw.  In  one,  the  peak  to  peak 
values  of  the  EOG  were  compared  between  samples  of  head  oscillation  of  comparable  amplitude  and  frequency 
as  indicated  by  the  accelerometer  signals.  In  the  other,  the  amplitude  of  the  eye  displacements  was  computed 
from  the  reconstructed  sinusoidal  component  for  20  cycles  after  elimination  of  saccades. 

The  mean  values  of  the  VOR  gain  in  pitch  and  yaw  for  subjects  C  and  D  obtained  on  flight  days  5 
and  7,  and  on  the  four  post-flight  tests  are  presented  in  Fig  3.  Individual  values  of  the  yaw  VOR  gain 

ranged  from  0.4  to  0.69  in  microgravity  and  from  0.5  to  0.85  in  the  post-flight  tests.  These  values  are 

.  comparable  to  the  population  norm  in  ground-based  studies  (Jell  et  al.  1982)  and  suggest  that  weightlessness, 
at  leas*  in  the  adapted  subject,  is  not  associated  with  a  change  in  the  yav  axis  VOR.  Measures  of  pitch 
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VOR  (tin  Airing  flight  ranged  from  0.45  to  0.75  and  wart  similar  to  the  VOR  gain*  in  yaw,  but  on  the  first 
port-flight  day,  pitch  VOR  gain  waa  alavatad  (ranga  0.95  to  1.11).  On  aubaequant  teat  daya  It  declined 
towards  the  more  normal  valuea  obtained  during  flight.  Where a»  on  the  ground  phase  errors  were  small  (mean 
1*,  80.0,3*),  in  microgravity  the  compensatory  aye  movements  exhibited  considerable  and  variable  phase  lag 
(mean  30*,  8.D.  I*). 

The  absence  of  data  on  VOR  gain  before  the  subjects  were  adapted  to  weightlessness  makes 
interpretation  of  these  preliminary  findings  difficult.  I.iey  do,  however,  suggest  that  on  earth  the  otoliths 
contribute  to  tlte  oculomotor  responses  elicited  by  angular  movements  of  the  head  in  pitch.  In  the  absence  of 
the  normal  otolithic  signals,  pitch  VOR  gain,  but  not  phase,  can  be  restored  to  its  normal  value.  On  return  to 
the  lg  environment,  the  presence  of  otolithio  information  initially  engenders  an  enhanced  oculomotor  response. 
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Fig  3.  Vescibulo-ocular  reflex  gein  during  volu  l-  Fig  4.  Taw  axis  vestibulo-ocular  reflex  gain  of 
eery  head  oscillation  at  IHs  with  eves  astronaut  C,  during  passive  oscillation 

closed.  Mean  values  for  astronauts  C  4  D.  at  0.33  and  IHs  in  centric  and  eccentric 

configurations. 

Canal-otolith  interaction  and  Visual  Suppression  in  Yaw.  Another  facet  of  vestibular  adaptation  to  microgravity 
was  studied  in  an  experiment  which  explored  tKe  interaction  between  angular  and  linear  motion  stimuli,  as 
well  as  the  suppression  of  vestibular  nystagmus  by  visual  fixation.  The  angular  stimulus  was  achieved  by  a 
hand-driven  oscillation  of  the  teat  subject  at  approximately  0.3  Hz  and  1  Hz.  Tests  were  conducted  with  the 
subject  orientated  so  that  the  rotation  axis  was  either  co-sxiai  with  the  Z  axis  of  his  head  (centric  mode)  or 
1  m  distant  (eccentric  mode).  In  the  latter  orientation  f'e  vestibular  stimulus  was  not  only  a  changing  angular 
acceleration  but  also  a  changing  tangential  and  radial  accereration.  In  addition,  further  tests  were  conducted 
in  the  Z  eccentric  mode  with  the  subject  fixating  on  a  head-fixed  visual  target.  Eye  movements  were 
recorded  in  darkness  by  IR,  CCTV  and  by  EOGj  turntable  angular  veiccity  was  also  recorded. 


Analyses  performed,  to  date,  (Fig  4)  have  been  confined  to  the  lateral  eye  movements  evoked  by  the  Z 
axis  stimuli  in  one  crew  member  (C).  Using  the  technique  developed  by  Barnes  (1962),  measures  of  vestibulo- 
ocular  reflex  (VOR)  gain,  phase  and  offset  were  determined  over  ten  stimulus  cycles  in  each  of  the  five 
experimental  conditions. 

Inspection  of  the  data  obtained  during  the  four  pre-flight  test  sessions  failed  to  show  any  significant 
difference  between  the  VOR  responses  evoked  by  centric  and  eccentric  oscillation  in  darkness,  though,  as  was 
to  be  expected,  (Benson,  1970)  the  VOR  gain  at  1  Hz  (mean  0.65,  range  0.51-0.79)  was  Higher  than  at  0.3  Hz 
(mean  0.33,  range  0.2C-0.46).  The  values  obtained  on  post-flight  days  1,  2,  4  and  6  were  comparable  to  the 
pre-flight  measures,  the  mean  VOR  gain  being  0.58  (range  0.50-0.62)  at  1  Hz  and  0.32  (range  0.22-0.55)  at  0.3 
Hz.  In  particular,  the  responses  obtained  in  darkness  on  the  first  post-flight  day  (R+l)  yielded  measures  which 
were  within  the  range  of  those  recorded  pre-flight.  In  contrast,  the  gain  of  the  VOR  at  1  Hz,  when  reduced 
by  the  presence  of  single  collimated  fixation  target  (subtending  approx.  0.3*  at  the  subject's  right  eye),  was 
significantly  (P<0.05)  lower  on  R+l  than  on  any  other  pre  or  post-flight  test. 

It  would  be  hazardous  to  attach  undue  weight  to  the  finding  of  a  greater  suppression  of  the  VOR 
response  by  vision  in  a  single  crew  member  when  tested  14  hours  after  landing.  However,  ir  confirmed  by 
future  experiments,  it  does  suggest  the'  one  aspect  of  adaptation  to  mierogravity  is  an  increased  dependence 
of  visual  as  opposed  to  vestibular  mechanisms  in  the  stabilisation  of  the  retinal  image  during  head  movement. 


Ocular  Counter-rollin 


Information  on  the  functional  state  of  the  'static1  otolithic  component  of  the  vestibulo-ocular  reflex  was 
provided  by  measures  of  ocular  counter-rolling  made  pre- and  post-flight.  There  is  good  evidence  that  on  earth 
the  counter-torsion  of  the  eye,  during  sustained  body  tilt  in  roll  about  a  horizontal  axis,  is  dependent  upon 
the  stimulation  of  the  otolith  organs  by  the  gravitational  acceleration  (Barany,  1906a;  Fischer,  1939;  Woellner 
6c  Grayfoiel,  I960).  Linear  oscillation  in  the  Y  axis  of  the  head  also  evokes  a  cyclical  counter-rolling  response 
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(Llchtenberg  et  *1.  1982)  and  an  attempt  was  made  to  elicit  this  reflex  response  in  Speeelab-l  by  manually 
oscillating  the  test  subject  in  the  BRS  at  0.3  Hz,  at  an  amplitude  of  approx  ±2  ms  .  Unfortunately,  the 
quality  of  the  video  image  provided  by  EMIR  precluded  the  quantification  of  dynamic  eye  movements  in  roll. 
However,  measures  of  static  counter-rolling  were  successfully  made  on  the  ground  from  35mm  colour 
transparencies  of  the  eye  of  the  test  subject. 


For  these  pre  and  post-flight  tests  the  subject  was  restrained  within  a  framework  which  allowed  him  to 
be  rotated  in  roll  about  a  horizontal  axis  at  angles  of  up  to  90*,  to  the  right  or  left  from  the  vertical 
position.  A  35mm  camera  and  ring  flash  were  clamped  to  the  framework  and  positioned  so  that  a  full-frame 
photograph  of  the  subject's  left  eye  could  be  taken.  The  tilt-table  was  moved  in  15*  increments  from  the 
upright  (0*)  position  initially  to  the  left  and  then  to  the  right.  In  each  orientation  two  photographs  of  the 
subject's  eye  were  taken  at  not  less  than  15  sec  after  positioning.  Measurement  of  the  angular  position  of  the 
eye  in  roll  was  achieved  by  projecting  an  enlarged  image  of  the  eye  onto  a  graphics  tablet  and  entering  the 
co-ordinates  of  10  iris  landmarks  into  the  computer.  The  X  axis  reference  was  a  line  joining  internal  and 
external  canthi,  and  the  calculated  centre  of  gravity  of  the  pupil  defined  the  origin  of  the  co-ordinate 
system. 

Figure  5  compares  the  mean  ocular  counter-rolling  responses  of  the  four  Spacelab  Crew  (A,  B,  C  and 
D)  obtained  120,  90  and  64  days  before  flight  with  those  on  days  1  and  2  post-flight.  Statistical  analysis 
demonstrated  a  significant  (P<.05)  reduction,  post-flight,  in  the  magnitude  of  ocular  torston  on  body  tilt  to  the 
left  in  all  but  one  (astronaut  B)  of  the  test  subjects.  In  contrast,  when  tilted  to  the  right  there  was  no 
significant  difference  between  the  pre  and  post-flight  responses. 


These  findings  imply  that  adaptation  to  mierogravlty  Involves  a  reduction  in  the  gain  and  increased 
asymmetry  in  the  'static'  compensatory  eye  movements  engendered  by  signals  from  the  otoliths. 


Ocular 

counter -rolling 

(deg)  O—O  Pre-flight  (F-90.F-30) 


Fig  5.  Comparison  of  pre  and  post-flight  ocular 
countar-rolling  induced  by  body  tilt 
about  the  X  axis.  Mean  values  from 
astronauts  A,B,C  t  D. 
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Fig  6.  Comparison  of  pre  and  post-flight  results 
of  luminous  lina  test.  Mean  values  from 
astronauts  A,B,C  &  D. 


The  Subjective  Vertical;  Lumlnotu  Line  Test. 

Perception  of  the  gravitational  vertical  during  whole-body  tilt  is  dependent  upon  sensory  inputs  from  the 
vestibular  apparatus,  in  particular,  the  otolith  organs,  ^".aesthetic  inputs  arising  from  contact  between  the 
body  and  the  surfaces  which  support  it,  and  kina  esthetic  inputs  from  the  joints  and  musculature  of  the  body. 
Microgravity  modifies  the  neural  information  in  all  of  these  sensory  systems,  so  it  is  possible  that  adaptation 
to  the  weightlessness  will  modify  the  astronaut's  ability  to  perform  t>  spatial  orientation  task  on  return  to 
earth.  One  such  task,  performed  pre  and  post-flight  by  the  crew  of  SL-1,  involved  the  setting  of  a  luminous 

line  to  the  perceived  'vertical'  at  different  angles  of  body  tilt  about  the  X  roll  axis. 

3ouy  tilt,  over  the  range  90*  left  to  90*  right  in  15*  increments,  was  achieved  with  the  same 

apparatus  as  was  employed  for  the  measurement  of  ocular  counter-rolling.  At  each  body  orientation  the  subject 
was  required  to  set,  by  means  of  an  electrical  control,  the  angular  position  of  a  luminous  line  (1.1m  long  at 
a  distance  of  3.5m)  so  that  it  was  aligned  with  what  he  considered  to  be  the  gravitational  vertical. 
Deviations  of  the  setting  of  the ,  luminous  line  from  the  true  vertical  were  transduced  by  a  potentiometer  and 
displayed  by  a  digital  voltmeter.  Between  each  change  in  body  position,  made  when  the  subject's  eyes  were 
closed,  the  position  of  the  luminous  line  was  arbitrarily  perturbed  by  the  experimenter. 


The  results  of  the  pre  and  post-flight  tests  conducted  on  the  four  Sr-'-lab-l  crew  members  are 
summarised  in  Fig  8.  The  measures  obtained  pre-flight  exhibit  only  modest  deviatioi,  ’  the  subjective  vertical 
from  the  true  (gravitional)  vertical,  with  relatively  small  A  (Aubert)  effect  at  lai  t  ngles  of  body  tilt  and 
no  disoriminable  E  (Muller)  effect.  (See  Howard,  1982  for  a  review  of  the  effects  >f  body  tilt  on  the  visual 
vertical  and  A  and  E  effects).  On  the  first  and  second  post-flight  days  there  v.  .e  significantly  larger  errors 
in  the  judgement  of  the  apparent  vertical,  with  a  well  defined  E  effect  (max  at  45°  tilt)  and  A  effect  at 
angles  of  body  tilt  greater  than  60*.  Subject  B  had  the  largest  deviations  In  the  subjective  vertical  (20*  at 
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45*  tilt),  though  th*  errors  mad*  by  subjects  A  and  C  were  also  greater  than  thoaa  mad*  In  tha  pre-fllg 
tests.  Aa  with  tha  measure*  of  ocular  counter-rolling,  three  waa  a  marked  aiymmetry  in  tha  responses,  with 
■nailer  B  affect  on  tilt  to  tha  right  than  to  tha  left. 

Its  moat  likely  that  this  aaymmetry  In  judgement  of  the  vertical,  like  the  aiymmetry  In  ocular-tonic 
la  the  manifestation  of  an  order  effect  (ef.  Miller  et  al.  1965),  for  th*  tilt  position*  were  not  randomise 
they  were  always  performed  In  a  sat  order,  all  tilt  laft  positions  being  tested  before  th*  subject  w 
returned  to  th*  vertical  and  then  tested  at  Increasing  angle*  of  tilt  to  th*  right.  However,  th*  larger  A  « 
B  effects  found  post-flight  indicate  that,  having  adapted  to  microgravity,  th*  astronaut  on  return  to  earth 
lass  well  able  to  judge  his  orientation  with  respect  to  th*  gravitional  vertical.  Indeed,  the  increase  In  A  a 
E  effects  is  not  dissimilar  to  that  found  in  individuals  with  bilateral  vestibular  deficit  (Miller  et  at.  1961 
Th*  process  of  adaptation  to  mierogravity  may  thus  involve  a  reduction  in  th*  ■gain*  in  th*  relaying 
otolithic  signals  within  th*  central  nervous  system,  or,  perhaps  more  likely,  a  re-interpretation  of  those  signt 
which  in  weightlessness  do  not  convey  useful  information,  as  they  do  on  earth,  about  spatial  orientation  witl 
the  co-ordinate  system  in  which  th*  astronaut  operates. 

Visual-vestibular  Interaction. 


On*  approach  to  th*  study  of  how  visual  orientation  cues  Interact  with  those  of  vestibular  origin  is 
examine  an  individual's  perception  of  the  vertical  whilst  he  views  a  wide  field,  textured  display  which  rota 
in  roll  about  his  line  of  sight  (blchgans  et  al.  1972|  Held  et  al.  1975).  Th*  rotating  visual  stimulus  induce! 
sensation  of  body  motion  in  the  opposite  direction  to  that  in  which  th*  pattern  rotates  and  th*  subject,  w 
head  erect,  feels  as  if  he  is  tilted,  albeit  to  a  limited  extent,  in  the  same  direction  as  th*  continu 
sensation  of  self-motion.  Constraint  on  the  angle  of  perceived  tilt  Is  probably  due  to  Inputs  from  the  otoli 
and  somatosensory  gravi receptors  being  in  conflict  with  th*  visual  stimulus,  so  any  modification 
gravireceptor  cues  is  likely  to  be  manifest  by  a  change  in  the  magnitude  of  th*  induced  tilt.  Th*  latter  i 
be  measured  by  requiring  the  subject  to  set  a  small  line  (or  cross)  within  the  centre'  of  th*  rotating  disp 
to  th*  apparent  vertical. 

The  vestibular  helmet  had  provision  for  making  such  measurements.  The  visual  stimulus,  displayed  on 
CRT  in  front  of  the  subject's  right  eye  and  subtending  v  x  60*,  was  a  random  dot  pattern  which  rota 
at  40*/sec  in  either  the  clockwise  or  anticlockwise  (  u  [ion.  Superimposed  upon  this  display  was 
asymmetric  cross,  subtending  10*,  the  orientation  of  which  <_-ould  be  adjusted  by  the  subject  via  a  rotat 
control  located  in  the  hand-held,  'response'  box.  Torgti  cross 
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In-flight,  tht  video  replay  unit,  In  which  the  optokinetic  petterne  were  stored,  ceassd  to  function  after 
one  pass  of  the  video  tape,  to  only  data  from  p-e  and  poet-flight  teeta  are  available  on  the  two  crew 
member*  (C  and  D)  who  were  investigated. 

Figure  T  summarise*  the  result*  of  the  ground-based  tests,  performed  with  the  subject’s  head  in  the 
vertical  poeitlon.  The  dispersion  of  the  pre-flight  measure*  precludes  statistical  significance  being  attached  to 
any  chaise  in  the  responses  obtained  post-flight.  However,  the  Individual  records  show  that  subject  D  had  a 
greater  deviation  in  his  perception  of  the  vertical  on  R+l  during  clockwise  (CW)  pattern  rotation  than  on  any 
of  the  pre-flight  or  subsequent  poet-flight  tests.  Subject  C  behaved  in  a  similar  manner  on  R+l  except  that 
the  outstanding  reaponse  occurred  when  the  visual  stimulus  rotated  in  the  counter-clockwise  (CCW)  direction. 

The  teat  procedure  was  also  performed  with  the  subject’s  head  tilted  in  roll  some  45*  to  the  right  and 
to  teft,  for  it  has  been  shown  (Dichgans  et  al.  1974)  that  the  deviation  of  the  subjective  vertical  is  enhanced 
when  the  otoliths  are  placed  in  a  less  favourable  poeltion,  the  greatest  potentiation  occurring  when  the 
stimulus  moves  in  the  opposite  direction  to  that  in  which  the  heed  is  tilted. 

The  effect  of  lateral  head  tilt  on  the  apparent  vertical  during  optokinetic  stimulation  in  roll  la 
summarised  in  fig  I.  This  shows  that  in  the  experimental  conditions  where  the  response  is  optimally 
potentiated  (l.e.  CCW  visual  stimulus,  head  tilt  right,  and  CM  visual  stlmulue,  head  tilt  left),  on  R+l  there 
was  a  larger  deviation  in  the  setting  of  the  target  cross  that  on  any  of  the  pre-flight  tests.  The  responses 
obtained  in  the  complementary  conditions  did  not  exhibit  such  a  difference  between  pre  and  post-flight. 

These  results,  whilst  they  lack  statistical  rigour,  imply  that  the  astronaut  on  return  to  earth  has  a 
modest  impairment  in  the  utilisation  of  gravireceptor  information  and  hence  experiences  a  larger  deviation  in 
the  apparent  vertical  when  presented  with  a  visual  stimulus  which  induces  vection  in  roll. 

Vestibular  Responses  to  Thermal  Stimulation  (Caloric  Teat). 

Whereas  the  experiments,  reported  above,  were  Intended  to  enhance  our  understanding  of  vestibular 
adaptation  in  microgravity,  one  experiment  was  specifically  designed  to  test  the  theory  that  the  nystagmus 
evoked  by  caloric  stimulation  is  caused  by  ’themal  convection’.  This  theory,  initially  advanced  by  Barany 
(190(b)  and  consolidated  by  Brunings  (1911),  Is  that  the  temperature  gradient  within  the  temporal  bone 
engendered  by  irrigation  of  the  external  ear  canal  with  water  above  or  below  body  temperature,  causes 
circulation  of  the  endolymph  within  the  semicircular  duct  by  thermal  convection.  This  circulation  of  endolymph, 
in  turn,  deflects  the  cupula  and  hence  alters  the  activity  of  the  sensory  cells  in  the  ampulla.  We  now  know 
that  the  cupula  occludes  the  ampulla  and  endolymph  is  not  free  to  circulate  by  convection,  so  the  more 
modem  concept  is  that  the  unequal  alteration  of  the  density  of  the  endolymph,  produced  by  the  temperature 
gradient,  deflects  the  cupula  by  virtue  of  the  differential  pressure  which  develop*  across  it. 

Although  there  Is  a  substantial  body  or  both  theoretical  and  experimental  work  to  support  the  density 
gradient  model  (reviewed  by  Proctor  1975),  several  authors  have  expressed  doubts  about  the  adequacy  of  the 
theory.  In  particular,  the  relationship  between  the  intensity  of  the  evoked  nystagmus  and  the  orientation  of 
the  stimulated  semicircular  canal  to  the  Earth's  gravitional  field  exhibits  certain  disparities  (Coats  A  Smith, 
1967).  These  suggest  that  a  component  of  the  response  is  due  to  an  alteration  of  the  resting  discharge  of  the 
sensory  cells  brought  about  directly  by  the  heating  or  cooling  of  the  sensory  epithelium.  In  microgravity, 
anisotropic  changes  In  mass  per  unit  volume  of  the  endolymph  should  not  produce  a  differential  pressure  across 
the  cupula,  and  so  a  thermal  stimulus  should  not  evoke  nystagmus,  unless  a  linear  acceleration  is  imposed  in 
the  plane  of  the  canal  in  which  a  thermal  gradient  is  induced. 


The  experiment  performed  in  Spacelab  on  astronauts  C  and  D  entailed  sustained  binaural  stimulation 
with  air  at  temperaures  ranging  from  15*C  to  44*C.  At  each  temperature  setting  (detailed  in  Table  1) 
nystagmus  was  recorded  with  the  test  subject  stationary  and  during  whole-body  oscillation  in  the  X  axis  at 
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Fig  9.  Records  of  nystagmus  induced  by  binaural  thermal  stimulation  in 
microgravity  of  astronaut  C  on  mission  day  8.  The  traces,  from 
above  downwards,  are:  temperature  of  insufflated  air  on  left  and 
right;  eye  position  recorded  by  electro-oculography  (EOG)  in 
horixontal  and  vertical  axes;  eye  position  recorded  by  II,  TV 
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0.1  He.  Pre»  and  poet-flight  tests  were  conducted  with  the  subject's  head  In  tlw  vertical  position  (1.0 
tftmvwM  (X.Y)  piano  of  his  hood  horizontal)  and  the  NASA  'Sled*  (a  horizontal  llnaar  oscillator)  was  usad  to 
generate  tho  dynamic,  X  axis  stimulus  (0.1  Hz,  is  ms  ). 


Tha  raoordi  of  ays  movsmanta  (EOO  and  EMIR)  obtained  during  caloric  stimulation  on  the  first  and 
third  day  of  flight  revealed  a  minimal  nystagmic  response  which  was  too  smalt  to  evaluate  quantitatively,  and 
the  addition  of  the  dynamic  stimulua  did  not  potentiate  the  eye  movements  to  a  ditcemable  extent.  However, 
when  the  test  procedure  was  repeated  later  in  tha  mission  (P+8,  P+8)  wall  defined  nystagmus  (fig  8)  and 
vertiginous  sensations  were  elicited  in  the  absence  of  any  whole-body  oscillatory  motion.  It  is  noteworthy  that 
the  nystagmus  recorded  on  these  tests  was  similar,  both  in  direction  and  peak  slow  phase  velocity,  to  that 
obtained  pro  and  poet-flight  (fig  10).  Indeed,  on  reversal  of  tha  thermal  stimulus,  the  intensity  of  the  response 
in  flight  was  somewhat  greater  than  that  obtained  on  the  ground.  However,  during  the  pro*  and  poet-flight 
tests  the  subject's  head  was  not  in  the  optimal  position  (l.e.  plane  of  lateral  canal  vertical)  for  the  induction 
of  a  maximal  response.  Evaluation  of  tha  caloric  nystagmus  during  dynamic  stimulation,  both  on  the  ground  and 
in  flight,  revealed  no  significant  changes  or  modulation. 


Tewperatura  (°C)  of 
Insufflated  Air 

Right  Ear  Left  Ear 


37 

4* 

44 

44 

20 

IS 


37 

30 

20 

IS 

44 

44 


Activity 


Start  of  axperiaant 


TABLE  I.  Protocol  of  Caloric  Experirent. 


Slew  phase 


Frs-HigM 
X--- * *  During  flight  (F+5, +8) 
O--— 0  Pest-flight 


Pig  10.  Coaparisdn  of  peak,  sloe  phase  velocity 
of  nystageua  evoked  by  binaural  thereat 
stimulation  pre,  per  and  post  flight. 

Mean  values  of  astronauts  C  8  D. 

The  demonstration  of  a  substantial  response  to  thermal  stimulation  in  microgravity  raises  more  questions 
than  it  answers.  It  suggests  that  mechanisms  other  than  'density  gradient'  are  responsible,  though  to  what 
extent,  if  at  all,  these  contribute  to  caloric  nystagmus  when  the  test  is  performed  on  earth  has  yet  to  be 
determined.  Certainly,  the  similarity  of  the  nystagmus,  in  respect  to  both  its  direction  and  magnitude,  elicited 
in  orbit  and  on  the  ground,  suggest  a  common  mechanism.  However,  any  postulated  mechanism  must  account 
for  the  fact  that  on  the  ground  the  direction  In  which  the  nystagmus  beats  is  determined  by  the  orientation 
of  the  head  to  gravity  (Coats  *  Smith,  1987).  Ther*  is  also  a  possibility  that  pulsatile  pressure  changes  of 
the  air  blown  into  the  ear  by  the  pump  in  the  helmet  could  have  generated  a  cyclically  fluctuating  force 
environment  within  the  fluid  systems  of  the  inner  ear  which  permitted  differences  in  the  specific  mass  of  the 
endolymph  to  deflect  the  eupulae  of  the  semicircular  canals.  This  is  an  inchoate  hypothesis,  but  one  which 
will  be  put  to  the  test  on  the  D-l  Spacelab  mission,  when  another  method  of  thermal  stimulation  will  be 
employed.  The  lack  of  nystagmus  to  the  caloric  stimulus  early  in  the  mission  may  represent  a  suppression  of 
vestibular  responses,  similar  to  that  seen  during  the  transient  weightlessness  of  parabolic  flight  (Oosterveld  & 
van  der  La  arse,  1969),  but  it  is  perhaps  more  perhaps  more  likely  that  it  was  caused  by  thr  drugs  taken  by 

the  astronauts  as  prophylaxis  against  space-motion  sickness  (detailed  in  Oman  et  al.  1984).  By  the  third  ur 

fourth  mission  day,  the  crew  had  adapted  to  microgravity,  so  that  when  the  caloric  tests  were  repeated  later 

in  the  mission  responses  were  not  suppressed  by  anti-motion  sickness  drugsJ 


Although  the  experiment  performed  in  Spacelab-1  has  brought  into  question  an  established  theory  about 
how  thermal  stimulation  induces  nystagmus,  it  does  not  degrade  the  clinical  utility  of  the  calorie  test.  This 
widely  used  procedure  remains  an  effective  means  of  testing  the  functional  integrity  of  vestibular  apparatus 
and  its  central  connections,  and  it  will  continue  to  be  of  value  in  localising  lesions  within  the  vestibular 
sensory  system. 


CONCLUSIONS. 

The  conclusions  to  be  drawn  from  the  findings  of  these  experiments,  which  probed  various  aspects  of 
the  adaptation  of  vestibular  and  visual-vestibular  mechanisms  in  microgravity,  must  of  necessity  be  tentative; 
primarily  because  the  number  of  subjects  upon  whom  measurements  were  made  is  snail,  and  insufficient  data 
*"  »ith  «»ati«t<rai  rimur  the  simifiosnoe  of  an  aooarent  change  in  a  particular 
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mlorogravity  Involvt*  •  modification  In  the  utUlaatlon  of  gravireeeptor  Information  by  the  eantral  nervous 
system. 

Post-flight,  tha  reduction  In  ocular  counter-rolling,  tho  Impaired  Judgement  oi  tha  vertical  during  body 
tilt,  and  tha  graatar  deviation  of  tha  apparent  vertical  during  optokinetic  stimulation,  all  point  to  a  decrement 
In  the  uoe  of  gravlreceptor  information,  primarily  from  the  otoliths,  to  determine  tha  orientation  of  the  head 
and  body  with  respect  to  tha  gravitational  vertical.  This  could  have  been  brought  about  by  an  attenuation  In 
the  transmission  of  the  signals  from  the  otoliths  or  even  a  modification  of  end-organ  sensitivity  by  efferents. 
However,  It  is  more  likely  that  these  changes  are  the  manifestation  of  a  *senrary  rearrangement*  in  which 
otolithic  cues  are  re-interpreted,  rather  than  any  overall  loss  of  sensitivity,  for  in  those  situations  involving 
more  dynamic  stimulation  of  gravlreceptors,  responses  were  enhanced  in  early  post-flight  tests.  In  our 
experiments,  this  was  revealed  in  the  eye  movements  evoked  by  oscillation  of  the  head  in  pitch  and  In  the 
thresholds  for  detection  of  linear  oscillation  of  two  of  the  four  SL-1  astronauts.  Other  SL-1  investigators  also 
found  increased  sensitivity  post-flight  to  dynamic  linear  acceleration  stimuli.  Notably,  there  was  an  improved 
ability  to  null  random  Y  axis  linear  accelerations  (Young  et .  el.  1984)  and  a  greater  facilitation  of  the  H 
reflex  during  an  unexpected  vertical  drop  (Reschke  et  al.  1984),  although  the  latter  finding  must  be  tempered 
by  the  fact  that  electromyographic  studies  failed  to  demonstrate  any  modification  of  otolithic-spinal  reflexes 
evoked  by  this  type  of  transient  vestibular  stimulation  (Young  et  al.  1984). 

The  dissociation  of  the  adaptive  changes  in  otolithic  responses  to  static  and  dynamic  stimulation  does 
not  conflict  with  the  hypothesis  of  Parker  (1983)|  namely,  that  adaptation  to  microgravity  involves  a  *sensory 
rearrangement'  in  which  signals  from  gravlreceptors  cease  to  be  interpretated  by  the  brain  as  changes  in 
angular  position  in  pitch  and  roll  but  rather  as  linear  movements  of  the  head  and  body.  In  addition  to  such  a 
reinterpretation  of  gravlreceptor  signals,  there  may  also  be  a  shift  in  the  'weighting*  given  by  the  central 
nervous  system  to  signals  from  the  otoliths.  Experimental  evidence  suggests  that  this  'weighting*  is  is 
dependent  upon  the  frequency  content  of  the  transduced  stimulus,  high  frequency  dynamic  inputs  being  given 
greater  weight  than  the  low  or  sera  frequency  inputs  which  normally  signal  the  'static  orientation  of  the 
head  to  gravity. 

The  inability  of  the  otoliths  to  provide  information  on  the  spatial  orientation  of  the  head  in 
microgravity  is  likely  to  be  compensated  by  the  increased  utilisation  of  orientational  cues  provided  by  other 
sensory  systems.  In  particular,  it  appears  that  visual  cues  have  greater  dominance,  as  evidenced,  post-flight, 
by  larger  errors  in  the  perception  of  the  visual  vertical  on  the  rad  and  frame  test  (Young  et  al.  1984)  and 
by  the  enhanced  visual  suppression  of  vestibular  nystagmus. 
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DISCUSSION 

PARKER,  USA 

X  would  like  to  comment  on  the  results  Dr.  Benson  presented  with  respect  to 
subjects'  variability  in  the  response  to  straight  line  notion  by  showing  date  we 
have  been  able  to  obtain  from  other  silsslons. 


THRESHOLDS  FOR  DETECTION  OP  LINEAR  OSCILLATION 
FOLLOW I NO  PROLONGED  WEIGHTLESSNESS 

D.B.  Parker*,  M.F.  Reschke**,  A.P.  Arrott***, 

J.L.  Homick** ,  B.K.  Lichtenberg*** 

*  Department  of  Psychology,  Niaal  University,  Oxford,  OH  45056 
**  Space  Biomedical  Research  Institute,  NASA-Johnson  Space  Center  (SB),  Houston  TX 
77058 

*•*  Payload  Systeas  Inc.  P.O.  Box  38,  Babson  Park,  Wellesley,  HA  02157 
INTRODUCTION 

Dr.  Benson  has  reported  that  linear  self -not  ion  detection  thresholds,  which  were 
recorded  as  part  of  the  European  Vestibular  Experiment*,  varied  across  subjects.  This 
varlbllity  is  consistent  with  observations  following  the  STS-B  and  STS-11  Shuttle 
aisslons. 

METHOD 

Three  astronauts  who  participated  in  the  STS-8  and  STS-11  (41-B)  aisslons  served  as 
subjects  in  this  experiment. 

The  apparatus  employed  was  the  Miami  University  Parallel  swing.  This  apparatus  is 
described  in  Paper  No.  3— REINTERPRETATION  OF  OTOLITH  INPUT  AS  A  PRIMARY  FACTOR  IN  SPACE 
MOTION  SICKNESS. 

Noainal  amplitudes  of  parallel  swing  motion  were  determined  by  recording  the  displace¬ 
ment  of  a  pointer  attached  to  the  swing  bed  relative  to  a  scale  taped  to  the  floor.  These 
noainal  amplitudes  were  compared  with  those  determined  with  a  three-axis  accelerometer  and 
strip-chart  recorder. 

The  subject  indicated  his  perception  of  self-motion  ("yes*  or  "no*)  by  manipulations  of 
a  joystick  that  was  connected  to  one  channel  of  the  strip-chart  recorder. 

A  small  signal  lamp  was  mounted  on  an  ear-pad  support  and  was  controlled  by  the  experi¬ 
menter's  hand-held  aicroawitch. 

The  procedure  used  to  determine  self-motion  thresholds  was  similar  to  that  used  in 
tracking  audiometry.  The  swing  was  set  in  motion  at  a  relatively  high  amplitude 
(about  20  cm/sec/sec).  In  response  to  a  signal  from  the  experimenter,  the  subject  reported 
whether  or  not  he  perceived  that  he  was  moving.  When  his  report  was  affirmative,  the  swing 
was  stopped  and  then  set  in  motion  at  an  amplitude  5  cm/sec/sec  smaller.  Conversely,  if 
the  subject  failed  to  detect  motion,  the  swing  amplitude' was  increased  on  the  subsequent 
trial.  The  direction  of  stimulus  amplitude  change  (increasing  or  decreasing)  was  altered 
after  two  affirmative  or  negative  responses  from  the  subject.  Threshold  tracking  was 
continued  until  ten  stimulus  amplitude  direction  reversals  had  been  completed  or  seven 
minutes  had  elasped. 

The  experimenter  controlled  the  swing  motion  manually.  She/he  slowly  increased  the 
amplitude  of  swing  motion  until  the  desired  level  was  reached.  After  one  or  two 
oscillations  at  the  desired  level,  the  subject  was  requested  to  report  his  self-motion 
perception. 

RESULTS 

The  results  of  these  observations  are  illustrated  in  Figs.  1-4.  The  data  from 
Astronaut  1  suggest  a  nearly  three-fold  elevation  of  the  self-motion  detection  threshold. 
Virtually  no  threshold  change  was  seen  with  Astronauts  2  and  3. 

DISCUSSION 

Prolonged  weightlessness  appeared  to  produce  elevated  self-motion  detection  thresholds 
in  one  astronaut.  However,  a  similar  threshold  elevation  was  not  obtained  from  the  other 
two  astronauts.  The  basis  for  this  discrepancy  is  unknown  but  it  may  be  related  to  altered 
detection  threshold  criteria  on  the  part  of  the  astronaut  who  exhibited  the  threshold 
change. 

Failure  to  record  threshold  changes  following  prolonged  weightlessness  is  consistent 
with  our  otolith  tilt -translation  reinterpretation  hypothesis.  This  hypothesis  suggests 
that  the  sensitivity  of  the  otolith  receptors  is  not  altered  by  weightlessness t  rather  the 
way  in  which  the  brain  interprets  otolith  information  is  changed. 
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Our  procedure  required  the  subjects  to  report  ANY  Motion.  The  subject  was  not  required 
to  distinguish  between  linear  Motion  and  tilt.  Consequently,  the  presence  in  the  central 
nervous  systen  of  any  "above-the-nolse"  signal  from  the  otolith  receptors  would  result  in  a 
motion  report  by  the  subject. 

•  The  otolith  tilt-translation  reinterpretation  hypothesis  would  predict  improvement  in 
performance  on  a  task  that  requires  the  subject*  to  detect  and  respond  to  linear  motion. 
This  predicition  derives  from  the  postulate  that  following  prolonged  weightlessness,  all 
otolith  output  is  interpreted  by  the  brain  as  indicating  linear  motion.  Professor  Young's 
report  that  performance  improved  on  the  "otolith  closed  loop  nulling  task*  supports  this 
predleition. 


Pig.  1.  Thresholds  for  detection  of  whole-body, 
Y-axis  linear  oscillation  from  Astronaut  1.  The 
ordinate  indicates  percent  detection  ard 
abscissa  values  are  peak  half-amplitude  of  the 
ntiaulus.  The  R+O  data  were  obtained  2.5  hours 
after  landing. 


Pig.  2.  Thresholds  for  detection  of  linear 
oscillation  for  Astronaut  2.  The  R+O  data  were 
obtained  75  minutes  after  landing. 
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Fig.  3.  Thresholds  foe  detection  of  linear 
oscillation  for  Astronaut  3.  The  R+O  data  were 
obtained  2  hours  after  landing. 
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Fig.  4.  Summary  of  thresholds  for  detection  of 
linear  oscillation  recorded  from  Astronauts  1,2, 
and  3. 


s  reply 

Thank  you,  Don.  I  think  your  cossient  was  adequately  explained  by  yourself. 

FRG 

When  you  pointed  out  the  differences  between  the  red  and  blue  crew  I  wondered  what 
Influence  on  the  results  the  time  of  day  might  have  had,  since  the  one  group  was  on 
day  shift,  the  other  one  on  night  shift. 

S  reply 

Ne  do  not  know  the  answer  bo  that,  although  in  the  work  we  have  done  in  the 
laboratory  there  do  not  appear  to  be  large  circadian  variations  in  the  threshold  we 
are  talking  about.  I  think  it  is  much  more  likely  that  these  effects  are  either  an 
individual  difference  or  a  reflection  of  the  other  stimulation  that  they  have  been 
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NERBOLD,  ESA 

I  think  the  threshold  is  ons  of  thsst  measurements  which  sight  b*  influenced  by 
fatigue.  I  should  mention  that  the  Body  Restrained  Systea  (BRS)  -  aaybe  because  it 
gave  us  soae  back  pressure  -  put  us  asleep  aore  or  less  immediately.  And  the  aaae 
is  also  true  if  you  sit  on  that  machine  on  the  ground}  it  is  a  comfortable  rocker- 
chair  and  makes  you  sleepy.  I  do  not  know  what  we  can  do  to  avoid  that  problem. 

AUTHOR'S  reply 

Nell,  there  are  a  number  of  things  we  could  do  to  keep  you  awake.  Ne  are  looking  at  a 
different  psycho-physical  proceduring  which  would  take  care  of  people  going  to 
sleep. 

(SPEAKER  unidentified) 

A  comment  regarding  the  pulsatile  pump.  If  you  change  temperature  in  space,  you 
still  have  that  baalc  pulsatile  flow  in  the  same  direction.  Would  that  not  mask  any 
thermal  effects  you  had?  In  other  words,  can  you  rule  the  pulsatile  pump  out, 
because  you  do  get  the  increase? 

author's  reply 

No  experiments  to  my  knowledge  have  been  done  on  the  characteristics  of  the 
pulsatile  pulse  in  terms  of  producing  or  modifying  responses.  The  experiment  that 
should  be  done  ie  using  the  sane  stimulus  but  in  different  head  positions  in  1  g. 
That  would  be  much  aore  critical. 

(SPEAKER  unidentified) 

Was  the  sane  testing  used  pre-flight? 

AUTHOR'S  reply 

Basically  the  sane  systea  was  used  for  pre-flight,  in-flight  and  poet-flight  tests. 
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ABSTRACT 

Unusual  vestibular  responses  to  head  aoveaents  in  weightlessness  nay  produce  spatial  orientation 
.illusions  and  syaptoas  of  space  notion  sickness.  *o  integrated  set  of  experiments  was  perforaed 
during  Apace lab  1,  aa  wall  as  pre  and  postflight,  to  evaluate  otolith  organ  and  seulcircular  canal 
mediated  responses  by  a  variety  of  aeaaurenente,  including  eye  movement*,  postural  control,  percep¬ 
tion  of  orientation  and  motion  sickness  susceptibility. 


TWTROOtJCTIOR 

4  novel  sat  of  sensory  cues  ia  produced  by  head  movement*  in  weightlessneaa.  Voluntary  head 
tilte  are  no  longer  confirmed  by  static  changia  from  the  otolith  organa  to  eigne,  head  orientation 
with  respect  to  the  vertical,  Indeed,  with  average  linear  acceleration  equal  to  gravity  during  free 
fall,  the  li-.iear  accelerometers  nf  the  non-auditory  labyrinth  transduce  only  transient  linear 
acceleration  and  no  longer  indicate  head  pitch  nr  roll  angle.  We  hypothesized  that  vestibular 
afferent  signals,  particularly  from  the  utricular  and  saccular  maculae,  are  centrally  reinterpreted; 
for  example,  to  represent  linear  acceleration  rather  than  tilt.(l)  Tt  was  further  supposed  that  this 
central  adaptation  underlies  the  amelioration  of  symptoms  of  space  adaptation  syndrome,  the  special 
form  of  motion  sickness  which  afflicts  roughly  half  of  all  apace  travellers  during  the  first  two  to 
four  days  on  orbit.  Tn  order  to  localize  thia  presumed'  adaptation,  a  set  of  interrelated  experi¬ 
ments  were  performed  on  four  Spacetah  1  crewmembers.  Pre  and  postflight  teat*  of  postural  control 
end  motion  perception,  as  wall  as  of  the  inflight  protocols,  are  used  to  evaluate  readsptation  to 
earth's  gravity  after  reentry. 


Vianal-Veatihular  Interaction  f 3) 

When  viewing  a  full  field  rotation  shout  hia  sagittal  (roll)  axis,  a  subject  on  earth  with  head 
erect  normally  perceives  a  sensation  of  continuous  self  rotation  in  the  direction  opposite  to  the 
field  motion  (circularvection)  combined  with  the  paradoxical  perception  of  a  steady  angle  of  tilt. 
This  limitation  has  been  attributed  to  graviceptor  signals,  particularly  those  from  the  otolith 
organa,  which  do  not  confirm  the  visual  input  suggesting  continuous  roll  rate,  Q)  Visually  induced 
tilt  is  enhanced  when  the  head  is  placed  in  position*  other  than  tb*  erect  ( 4)  and  can  be 
continuous  shout  a  vertical  axis  when  a  subject  lies  supine.  In  weightlessness  the  absence  of  any 
inhibiting  otolith  aignalo  might  be  expected  tn  produce  atronger  and  more  compelling  visually 
induced  roll  although  the  absence  of  confirming  signals  from  the  aemirircular  canals  might  he 
expected  to  delay  the  onset  of  circularvection.  Subjects  viewed  the  polka-dot  patterned  inside  nf  a 
drum  ("dome")  which  rotated  at  speeds  of  30,  45,  or  AO  deg/aec  shout  their  roll  axis.  The  head  was 
fixed  hy  a  hitebotrd  and  ocular  torsion  (J)  was  recorded  hy  s  video  camera,  (Torsion  results  not  yet 
available.)  The  subject's  body  alternately  floated  free  nr  vaa  restrained  hy  standing  against 
•tretchen  elastic  cords  which  created  an  upward  force  on  the  feet.  Self-rotation  illusion  was 
manually  indicated  by  magnitude  estimation  using  a  potentiometer  end  by  qualitative  descriptions 
from  each  subject.  There  was  considerable  variability  among  the  four  crewmembers  in  their  reactions 
on  the  ground,  as  well  as  in  space.  There  was  evidence  for  some  degree  of  enhancement  of  the  vection 
during  weightlessness,  relative  to  ground  erect  or  simine  testa,  for  at  least  3  of  the  4  subiecta. 
■e  actions  varied  from  a  sense  that  the  subject  and  Spaeelsb  together  were  rotating  shout  a 
stationary  done  to  feelings  of  incomplete  vection,  Tatowy  to  onset  of  vection  end  everege  intensi¬ 
ty  of  the  self-motion  indication  generally  confirmed  the  subjects*  reports  of  etronger  visual 
effects  in  Spacetah  than  on  the  ground. 

Early  in  the  mission,  elastic  cord  loading  produced  inhibition  of  visually  induced  tilt  in  9  of 
3  subjects.  By  MB  5,  the  inhibitory  influence  of  these  localised  somatic  cue*  disappeared.  Body  away 
and  neck  torque  in  response  to  dome  rotation  vaa  sensed  by  two  subjects,  but  clearly  visible  only  in 
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on#,  vhoea  trunk  and  l«g#  rotated  .lowly  by  up  to  If)  dej  in  tha  direction  oppoaita  to  doaa  rotation. 
l)pon  eloaura  of  tha  ayaa  for  1  of  i  aubjaeta,  eireularvaetion  unu^actadly 
eaaaad  iaaodiataiy ,  daapita  tha  abaanea  of  any’  aanaory  cuaa  to  aignal  body  dacalaratioo.  Tta  onaat 
«aa  haatanad  by  fraa  roiling  head  novananta.  During  poat-flight  rotating  doae  axparinanta,  two  aub¬ 
jaeta  ind ( rated  aalf  Motion  iliuaiona  not  pravioualy  axparianead  laatin*  for  up  to  fiva  daya 
poat flight. 

Tiaaal  euaa  eoncarnung  oriantation  appear  to  taka  on  an  ineraaaing  rola  in  vaigbtlaaanaaa. 
toeallaahtn  tartila  euaa,  which  nay  partially  anhatltuta  for  atatie  otolith  cuaa  early  in  tha 
aiaaion  for  aoaa  aubjaeta,  no  longer  aeaa  to  play  thia  rola  once  vaatibular  adaptation  haa  taaan 
place. 


Met  Mfcpw,  fopllo.Elni  Militant.  Lh 1 

Symptoms  and  signs  of  sickness  and  fluid  shift  wars  observed  and  documented  by  four 
specially  trained  crewmembers  during  this  physically  demanding  flight*  An  e  a  a  tuple  of  one  subject's 
discomfort  index  magnitude  estimation  is  shown  in  Fig.  1,  Two  subjects  wore  head  mounted  accelero- 
iwtCsrs,  but  quantitative  analysis  of  head  movement  dete  is  not  yet  complete.  Three  of  four  crewmen 
experienced  persistent  overall  di srnmfort ,  and  vomited  repeatedly.  Symptoms  diminished  by  the  end 
of  tha  third  day.  hut  still  could  be  elicited  with  vigorous  head  movements  through  days  4-5,  One 
subject  who  explored  different  types  of  head  movement  found  pitching  and  rolling  head  movements  p ar- 
ticularly  provocative.  However,  on  wn  S  he  was  asymptomatic  after  performing  5  minutes  of  vigorous 
head  to  knee  movements.  Symptom  pattern  was  generally  similar  to  that  seen  in  the  same  individuals 
preflight,  except  that:  prodromal  nausea  was  brief  or  absent  in  ?  of  3  cases;  facial  pallor  and 
cold  sweating  were  usually  absent;  one  subject  experienced  urcomfor table  "stomach  elevation"  and 
difficulty  burping.  There  is  evidence  that  "sudden"  vomiting  is.  characteristic  of  long  duratioo 
motion  sickness,  cud  r.lao  of  the  responses  of  relatively  resistant  subjects.  (J)  We  tentatively 
attribute  absence  of  pallor  and  sweating  to  the  presence  of  physiological  fluid  shift,  and  to  the 
cool,  dry  environment  of  finacelab,  respectively.  Subjects  reported  that  symptom  intensity  was  clear¬ 
ly  modulated  with  head  movement,  and  was  exacerbated  hy  reorientation  illusions  caused  by  ambiguous 
visual  cues  (as  when  assuming  -  or  viewing  another  crewman  in  -  an  unucual  orientation  or  when 
travelling  through  the  tunnel  connecting  P pace lab  with  tne  orbiter).  Tactile  and  proprioceptive 
contact  cues  provided  by  "wedging"  the  body  into  a  corner  or  a  bunk  cubicle  were  palliative,  ae  was 
closing  the  eyea.  provided  theae  contact  cues  ware  simultaneously  present,  Drugs  \0,5  mg  scopola¬ 
mine/  2,5  mg  dexedrine  or  75  mg  promethazine/  25  mg  ephedrine)  known  to  be  effective  in  preventing 
motion  sickness  ware  eventually  taken  hy  nil.  and  were  judged  helpful  in  reducing  discomfort  with 
only  minimal  aide  effects.  One  subject  was  asymptomatic,  Among  the  others,  only  2  of  12  vomiting 
episodes  occurred  during  the  presumed  period  of  maximal  drug  effectiveness.  Although  all  reported 
persistent  head  fullness  and  congestion,  and  "fluid  shift"  faces  were  evident  throughout  the 
mission,  subjects  denied  difficulty  with  hearing  or  clearing  their  ears.  Altogether,  we  believe 
these  results  support  the  view  that  space  sickness  is  a  form  of  motion  sickness, 


Pre  and  Pont  FI ipht  Tests  of  Motion  Sickness  Suaceptihil ■ t?  (81 


In  the  past,  single  preflight  tests  have  not  Keen  predictive  of  space  sicl 
four  years  preflight,  we  conducted  six  different  formal  teats  of  motion  siclj 
horizontal  lateral  oscillation,  heavy  water  ingestion,  a  dynawic  viaual-v* »t ibii 
(ifl).  horizontal  axis  rotation  in  pitch  and  head  movement*  in  parabolic  flight.' 
repeated  in  the  year  preceding  flight.  Modified  Coriolis  Sickness  Suscep 
conducted  hy  NASA- J Aft*  These  tests  failed  to  predict  relative  susceptibility 
days  post  flight  all  four  subjects  performed  more  then  14fl  foreliead  to  knee 
the  zero-g  phases  of  parabolic  flight  without  eliciting  any  symptoms,  whereai^ 
symptoms  in  one  or  the  other  of  the  pre*light  tests. 


jeness  (Q).  Beginning 
ness  susceptibility; 
lar  interaction  test 
The  latter  two  were 
fcibility  testa  were 
in  flight  (11).  Four 
ad  movements  during 
all  had  shown  some 
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■  Otnl  i.th-Sninal  Wef lex  02) 

The  hurst  of  gastrorremina-anleu*  elect romyogranhir  (EMC)  activity  ormrri 
the  onset-  of  e  sudden  fall  is  considered  to  be  predominantly  otolith-spinal 
short  and  relatively  invariant  latency,  too  early  for  a  voluntary  response,  a 
the  acceleration  stimulus.  (1 l)  Tt  can  «1so  he  selectively  abolished  hy  labrh. 
and  baboons  (15)  and  is  absent  in  lahrinth-defer t ive  human  subjects  (14). 


ng  50-1 50  msec  after 
in  origin,  Tt  is  of 
2d  ia  time-locked  to 
hiertomy  in  cats  (1 4) 


Previous  studies  have  demonstrated  that  (1)  the  sire  nf  this  otolith-spina 
tional  to  the  acceleration  stimulus,  (2)  the  resr«onse  may  be  reduced  signifies! 
gravity  vector  00  degrees  relative  to  the  body  (subject  supine),  or  hy  free 
flight  in  an  aircraft  (17).  and  that  (9)  the  response  steadily  increases  in  t> 
exposure  to  the  supine  position  (1,9).  The  present  experiment*  were  designed 
and  readaptation  of  the  otolith-spinal  system  dur jng.~aod.~a f ter  prolonged  weight! 


response  is  prnpnr- 
•jnt ly  by  rotating  the 
[Fall  as  in  parabolic 
7.»  duving  prolonged 
n  measure  adaptation 
lessness. 


Pre  and  poat-flight,  the  subjects  were  exposed  to  sudden,  unexpected 
centimeters,  with  stimulus  amplitudes  of  1.0,  0.47  and  0.53  g.  The  lesser! 
obtained  using  a  counter-weighted  parachute  harness.  Testing  of  two  subjerj 
substituting  for  gravity  with  suitably  Adjusted  elastic  cords  running  fro 
floor  of  Spacelab,  We  recognise  that  the  mechanical  consequences  to  the  ot-oj 
accelerated  downward  by  elastic  cords  from  free  fall  are  not  equivalent  to  thos. 
1-g.  Although  starting  from  a  different  hiss  position.  *mv*»ver,  the  in-flight  »J 
similar  step  changes  in  vertical  srreleraf inn. 


•rtio.al  falls  of  15 

acceleration*  were 
|t*  was  done  on-orhit, 
torso  harness  to  the 
1  i  th  organs  of  being 

tof  being  dropped  in 
d  ground  stimuli  are 


2-3 


Boat-flight,  *11  subject*  experienced  difficulty  maintaining  balance  when  landing  fro*  fall*. 
Thl»  »M  dramatic  Initially,  hut  returned  to  normal  wlthl.'  a  few  day*.  Contributing  factor* 
•tiggeated  hy  tha  auhjact*  Included  lag  muacle  weakness,  slower  raaction  to  tha  fall*  and  landing*, 
and  some  difficulty  tailing  where  tha  lag*  vara,  with  tha  raiult.  that  tha  faat  vara  oftan  forward  of 
or  bahind  tha  body  canter  of  gravity  on  landing,  Tha  lattar  phenomena  seemed  to  ba  present  lata  in 
tha  flight  a*  vail.  At  that  time,  ona  auhjact  alao  daacrihad  "pin*  and  naadlaa"  tanaation*  in  hi* 
lag*. 

liaapita  impression*  of  the  eubjact*,  carafnl  comparison  of  pra  *nd  post-flight  EMC  d*t*  oh- 
tainad  no  aarliar  than  P+3.5  hour*  did  not  appear  lo  show  »ny  aignificant  change*  in  latency  or 
amplitude  of  tha  early  otolith-apinal  response  to  auddan  fall*.  Thaae  reault*  are  compatible  with 
pravinu*  ground-haaad  atudia*  on  otolith-apinal  adaptation  to  tha  aupine  poaition.  (18)  Tha  lack  of 
change  poet-flight  could  ba  tha  reault  of  a  raadaptation  tine  couraa  which  va*  too  rapid  to  ha 
detected  by  tha  praaant  expert ment ,  including  the  poaaibility  of  a  nearly  inatantanaou*  readjustment 
of  tha  reaponae  bach  to  normal  upon  return  to  the  familiar  1  g  environment.  It  i*  alao  poaaibla 
that  poat-flight  Change*  in  otolith  function  can  only  ba  demonatrated  by  lower  frequency  atimuli. 
The**  reault*  auggeat,  however,  that  poat-flight  poatural  inatahilit.y  i*  more  a  reflection  of 
altered  proprioceptive  or  tactile  aanaation,  or  poaaihly  muacle  waiting,  and  lea*  the  reault  of 
modif ication  of  the  vaatihulo-apjna)  reflexes  studied  here. 


Awarenaa*  of  Poaition  Experiment  (19) 

fcibjert*  were  atrappad  blindfolded  to  a  flat  aurfaee  and  after  5-15  minute*  raat  vara  aaked  to 
point  to  preeatahliahed  target*  and  to  daacrib*  tha  poaition  of  thair  limb*.  If  atrap*  war*  laft 
loo**,  uncertainty  of  orientation  with  reapact  to  tha  laboratory  grew  alowly,  aa  might  b*  expected 
due  to  the  poaaibility  of  body  drift.  However,  even  with  tight  atrapa,  there  wa*  an  apparent 
increaae  in  variability  of  limb  poaition  eatimate  with  wuacle*  relaxed,  aa  compared  to  pre-flight. 
Moat  flight,  occaaional  vary  large  error*  pointing  at  high  elevation  target*  war*  found  through  R+5. 


Pre-Poat  PHeht  feature  and  Orientation;  (20) 


Poat-flight  poatural  inatahiliry,  eapecially  with  aye*  ctoaed,  ha*  been  noted  pravioualy  (21) 
and  i*  related  to  the  duration  of  weighting*  expoaura.  Tn  a  aharpened  Bnmherg  teat,  all  auhjecta 
ahowed  conaiderable  difficulty  in  eye*  cloaed  atanding  poat-flight,  exhibiting  growing  body  oacilla- 
tionx  prior  to  falling  off  the  2  1/4  (5.7  cm)  inch  rail.  Aa  ahown  inFig.  2A,  stand i ng  ti me  dropped 
to  7S-35T  of  pre-flight  on  B+l  and  improved  only  gradually  over  the  following  week.  The  one  subject 
teated  on  P+0  indicated  performance  even  poorer  than  on  P+1,  suggesting  that  a  considerable  amount 
of  readaptarion  had  taken  place  during  the  firaf  twelve  hour*  after  return,  at  borne  out  by  the 
crew'a  comment*  concerning  instability  in  the  dark  and  movement  illusion*. 


Additional  experiments  were  performed  while  standing,  eye*  open  and  ayes  cloaed,  on  a  posture 
platform  which  it  rotated  rapidly  and  unexpectedly  in  a  step  disturbance  of  3-5  deg  about  the 
ankles,  Measiiremanra  were  made  of  platform  torque,  EMC  activity  from  tha  tibialis  anterior  and  rha 
gastrocnemius  muacle*  and  of  body  position.  Four  hour*  poat-flight,  crew  members  were  unsteady: 
They  adopted  a  wide  stance,  and  for  the  first  time  lost  their  balance  during  step  disturbances  on 
the  posture  platform  (tilt-up;  eye*  closed),  As  seen  in  Fig,  2B,  poat-flight.  activity  in  both 
muscle*  va*  not  significantly  changed  in  latency  or  amplitude  up  to  750  m«  following  each  tilt,  but 
stronger  beyond  250  ms.  By  R+4  FMG.  responses  returned  to  pre-flight  levels.  Despite  previous 
report*  of  increased  spinal  activation  poet-flight  (22).  no  increaae  in  antagonist  FMG  va*  found 
during  platform  tilt*. 


Visual  field  dependence  was  measured  hy  the  rod  and  frame  teat  (23)  whereby  subject*  aet  a 
luminous  line  to  the  vertical  under  the  influence  of  *  In  mi  non  a  frame  in  a  darkened  room.  Figure  3 
shows  that  all  four  subjects  were  more  field  independent  than  the  population  average.  The  two  moat 
field  dependent  (A  and  D)  pre-flight  both  shifted  toward  increased  field  dependence  poat-flight, 
returning  gradually  hut  not  completely  back  toward  their  baseline  by  R+6.  Subject  A,  who  shoved 
particularly  large  variability  and  asymmetry  poat-flight,  also  ahowed  large  asymmetry  in  the  poat- 
flight  luminous  line  teat  (24).  The  two  least  field  dependent  shoved  no  change*  poat-flight.  An 
increaae  in  time  to  make  judgements  of  the  vertical  was  noted  for  all  subject*. 


Perception  and  control  of  lateral  acceleration  was  measured  using  a  servo  controlled  sled  which 
provided  accelerations  up  to  0.7  g'a  over  a  4  m  track.  The  time  to  detect  low  atep  acceleration* 
(0.001-0.08  g'a)  increesed  slightly  in  variability  poat-ftight  and  ahoved  some  examples  of  long 
delays  and  dirention  error*,  huf  presented  no  consistent  trend*  in  either  threahold#  or  the  time  to 
detection  of  linear  acceleration  (25).  For  closed  loop  nulling  of  random  disturbances  in  lateral 
acceleration  on  the  ated,  the  two  subject*  who  were  teated  on  the  evening  of  the  return  performed 
very  accurately  using  only  non-visual  cue*.  Their  performance  far  exceeded  pre-flight,  and 
approached  their  accuracy  for  the  task  with  full  visual  cues.  This  ability  decayed  gradually  over 
the  week  of  post-flight  testing.  Dynamic  ocular  counterrolling,  measured  during  lateral  sinusoidal 
oacilletion  at  0.6  g  (0,47  Pi  and  0.83  Hx)  appears  to  he  reduced  in  gain  on  P+0. 


DISCOSSIOM 

The  preliminary  nature  of  the  findings  reported  in  this  paper  make  conclusions  and  discussion 
neccessarily  speculative.  Nevertheless,  all  of  the  major  findings  are  consistent  with  the  principal 
hypothesis:  During  the  course  of  adaptation  to  veightl essneaa  the  nervous  system  reinterprets 
signals  from  the  graviceptors  (primarily  the  otolith  organs)  to  represent  fore-aft  or  left-right 
linear  acceleration,  rather  than  pitch  or  roll  of  the  head  with  respect  to  the  vertical. 
Maintenance  of  this  reinterpretation  during  the  post-flight  period  it  maladaptive,  resulting  in 
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postural  Instability  with  closed,  iseriwti  reliance  upon  ritual  information  for  orientation, 
and  improved  ability  to  null  lateral  linear  motion.  Independent  refinement  of  the  otolith  reinter¬ 
pretation  hypothesis  vat  proposed  by  Parker  at  al  (24)  to  explain  their  poat-f light  findings  with 
ITS-8  and  8T8-11  astronauts.  Saif  motion  reports  and  ays  raflaxea  during  roll  motion  showed 
primarily  linear  translation  and  reduced  ocular  counterrolling  post-flight,  relative  to  pre-flight. 
The  adaptation  is  presumably  not  reflected  at  the  more  peripheral  end  organ  responses  or  in  fast 
reflex  loops  such  as  the  otolith-spinal  reflex.  Ona  consequence  of  the  presumed  linear  accelera¬ 
tion  sensor  reinterpretation  in-flight  is  the  increased  use  of  local  visual  cues  for  spatial 
orientation  and,  at  least  early  in  the  flight,  the  increased  attention  to  tactile  and  proprioceptive 
information  regarding  both  body  orientation  and  sense  of  body  movement. 
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Fig.  1.  Magnitude  estimate  of  discomfort  (241  for  one  subject  during  the  first  14  hours  on  orbit. 
A  score  of  20  indicates  vomiting.  Curves  between  data  points  interpolated  by  subject.  Diamond 
represents  medication  (acopolamine/dexedrine),  followed  by  hntizontal  bar  representing  period  of 
presumed  maximal  effectiveness. 


Fig.  ?.  Posture  control  with  eyes  closed  showed  marked  decrement  immediately  post-flight  when 
challenged  by  standing  on  a  2  1/4"  (5,7  cm.)  rail  (A)  or  responding  to  unexpected  toe-up  tilt  of  a 
posture  platform  (B),  Modified  sharpened  P.omherg  test  (A)  measured  total  time  standing  on  rail  for 
the  beat  3  of  5  one  minute  trials.  In  (B)  one  subject's  filtered  BMP  activity  (arbitrary  units) 
from  the  tibialis  anterior  muscle  during  the  first  eyea  rinsed  5°  toe  up  plerfnrm  tilt  shows,  for  R 
+  0,’  increased  magnitude  and  duration  of  the  late  response.  The  drop  in  magnitude  below  pre-flight, 
seen  for  R  +  0,  wag  not  seen  for  the  other  three  subjects, 


Fig,  9.  Unit  and  frame  measurement a  of  Hold  dependence,  average  absolute  deviation  and  atandard 
deviation#.  fcibjeet  A  alao  ahoved  inrreaaed  aiynaitrv  in  vianal  field  dependence  aa  vail  aa  in  body 
tilt  (2A)  post-flight. 
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BENSOH,  OT 

You  showed  the  ocular  counter-rolling  responses  st  0.8  Hs.  What  I  was  postulatir 
this  aornlng  was,  that  there  would  be  a  different  fora  of  reinterpretation  < 
otolith  signals  which  nay  of  itself  be  frequency  dependent.  Have  you  any  infornatic 
on  ocular  oounter-roLling  gain  at  frequencies  other  than  0.8  Hs? 

AUTHOR'S  reply 

The  question  of  the  frequency  dependence  of  the  changes  in  all  of  the  otollt 
dependent  responses  is  an  interesting  one,  because  one  possibility  is  that  only  tt 
low  frequency  portion,  the  tonic  portion  of  otolith  responses,  would  I 
reinterpreted,  whereas  the  high  frequency,  phasic  portion,  remains  adequate  at 
would  not  be  reinterpreted,  we  performed  therfore  the  ocular  counter-roll li 
testing  pre-flight  and  post-flight  at  two  frequencies,  0.42  Hs  arid  0.83  Hz.  For  tl 
Iwo  subjects  analysed  so  far  the  gain  decrease  at  both  frequencies  was  about  tl 
same. 


TERZIOGLU,  TO 

What  were  your  tactile  cues  which  temporarily  substituted  otolith  not 
responsiveness? 

AUTHOR'S  reply 

Local  pressure  cues  were  applied  to  the  soles  of  the  feet  during  the  dome  experlmet 
by  counterpressure  from  stretched  elastic  cords  attached  to  a  shoulder  harness. 

TERZIOGLU,  TO 

Which  drugs  did  you  use  to  alleviate  the  overall  discomfort  in  space  moti< 
sickness? 

AUTHOR'S  reply 

Three  crew  men  used  0.5  mg  scopolamine  and  2.5  mg  dexedrine  oraly  in  repeati 
doses.  Two  also  used  metachlopromide,  one  crewman  used  25  mg  promethazine  and  25  i 
ephedrine.  These  were  drugs  which  have  been  selected  by  the  crew  members  on  tl 
basis  of  pre-flight  testing  for  maximum  effectiveness  and  minimum  side  effects. 
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SUMMARY 


It  is  hypothesised  that  exposure  to  prolonged  free  fall  Is  a  fora  of  sensory/aotor 
rearrangement  rather  than  a  direct  change  In  otolith  sensitivity  or  sensory  compensa¬ 
tion  for  a  reduced  otolith  Input.  The  rearrangement  of  stimuli  will  force  a  new  Inter¬ 
pretation  by  the  CNS  of  otolith  Input.  This  reinterpretation  is  necessary  for  a  struc¬ 
tured  and  meaningful  Interaction  with  the  new  environment. 

Data  from  two  flight  experiments  are  presented  which  support  an  otolith  reinterpreta¬ 
tion  hypothesis.  The  first .experiment  measured  vestlbulo-splnal  reflex  changes  as  a 
function  of  sustained  free  fall.  Findings  Indicate  that  when  a  monosynaptic  reflex 
(H-reflex),  measured  from  the  major  postural  muscles  (soleus).  Is  used  adaptation  to 
space  flight  Includes  a  change  In  how  the  CNS  Interprets  a  fall.  In  a  normal  gravity 
environment  a  sudden  unexpected  fall  will  produce  a  potentiated  H-reflex.  After  seven 
days  In  flight  an  equivalent  fall  does  not  potentiate  the  reflex.  Postfllght  a  greatly 
Increased  reflex  Is  observed  In  those  crewmen  most  susceptible  to  space  motion  sick¬ 
ness. 

In  the  second  experiment  self  motion  perception  and  torsional  eyeesvements  were  modi¬ 
fied  as  a  function  of  exposure  to  sustained  free  fall.  Prefllght  roll  motion  (about 
the  X  axis)  was  perceived  as  pure  roll,  and  the  eye  movements  recorded  were  countertor- 
slonal.  Postfllght,  roll  stimulation  was  perceived  as  linear  translation  (side  to  side 
movement)  with  a  small  angular  motion  component.  Eye  movement  measurements  confirmed 
significantly  more  horizontal  motion. 


INTRODUCTION 


Exposure  to  sustained  free  fall  results  In  rearranged  relationships  between  signals 
from  visual,  vestibular,  and  proprioceptive  receptors.  Motor  performance  and  spatial 
orientation  perception  are  altered  as  a  consequence  of  adaptation  to  this  rearrange¬ 
ment.  Space  motion'  sickness  Is  a  frequent  by-product  of  the  adaptation  process. 

The  normal  relationships  between  visual,  vestibular  and  proprioceptive  receptor  signals 
are  rearranged  In  space  because  of  removal  of  the  constant  acceleration  due  to  grav¬ 
ity.  The  relationships  between  motion/orientation  stimulation  detected  visually  and  by 
the  otolith  receptors  differ  from  those  experienced  on  earth.  Touch  and  pressure 
receptors  can  be  used  to  signal  mass,  and  velocity  as  the  crewperson  pushes  off  of  a 
solid  surface.  Propr lor  /s.  1 ve  Input  has  new  meaning  as  the  legs  are  drawn  up  to  modify 
the  body's  center  of  grs  ?y  and  the  postural  muscles  are  relieved  of  the  task  of  sup¬ 
porting  upright  posture. v~/ 

The  sensory  rearrangement  produced  by  space  flight  results  In  reinterpretation  of  oto¬ 
lith  signals.  Otolith  reinterpretation  Is  revealed  by  changes  In  postural  responses, 
eye  movement  reflexes,  and  self-motion  and  orientation  perception. 

To  support  the  concepts  present  above,  this  paper  presents  results  from  two  separate 
studies.  One  of  these  deals  with  vestlbulo-splral  responses  and  the  modification  of 
these  responses  as  a  function  of  space  flight.  The  second  Is  concerned  with  the  ef¬ 
fects  of  prolonged  free  fall  on  vestlbulo-ocular  reflex  activity  and  perceived  self- 
motion.  The  results  of  both  studies  support  an  hypothesized  central  reinterpretation 
of  otolith  Input  following  prolonged  space  flight. 


EXPER I HENT  I  * 

VESTIBULO-SPINAL  REFLEX  MECHANISMS 


Two  of  the  most  dramatic  changes  related  to  orbital  flight  have  been  postural  disturb¬ 
ances  (1)  and  modified  reflex  activity  In  the  m.jor  weight-bearing  muscles  (2).  Taking 
advantage  of  the  powerful  and  established  anatomical  pathways  that  link  the  otoliths 
and  spinal  motoneurones ,  our  laboratory  »t.  tnc  Johnson  Space  Center  has  employed  the 
Hoffmann  reflex  (H-reflex)  as  a  method  of  monosynaptic  spinal  reflex  testing  In  con- 
* — *4~"  “4*h  »rp»i«r*t<nn  to  assess  otolith-induced  changes  In  one  group  of 
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Early  In  tht  nlnttenth  century,  Investigators  began  systematical 1y  to  link  the  vesttb- 
itlir  apparatus  to  posture.  flourens  observed  dliturbanca*  of  poatura  In  plaeons  whan 
tha  vestibular  apparatus  was  ablatad.  Howavar,  It  was  almott  a  century  later  that 
Magnus  published  his  classic  work  describing  vestibular  function  and  body  posture. 
These  papers  Include  a  description  of  tha  Sprungbereltschaft  reflex.  This  reflex  con¬ 
sists  of  an  extension  of  the  hind  and  fore  limbs  In  response  to  sudden  downward  accel¬ 
eration,  which  disappears  following  ablation  of  the  labyrinths.  An  English  suauaery  of 
these  early  works  Is  contained  In  Camts  (3). 

More  recently  Money  and  Scott  (4)  have  used  the  Sprungbereltschaft  reflex  as  a  qualita¬ 
tive  aeasure  of  otolith  function.  They  have  also  reduced  the  possibility,  through  sur¬ 
gical  blockage,  that  the  sealclrcular  canals  could  contribute  to  this  response.  Under 
these  conditions  the  postural  reflex  to  a  sudden  drop  Is  still  exhibited.  However, 
following  bilateral  labyrlnthectoay  the  response  Is  abolished. 

Recent  experlaentt  (S)  have  deaonstrated  a  short  latency  EM6  response,  recorded  froa 
the  gastrocncalus  In  aan,  to  the  sudden  unexpected  Initiation  of  a  short  fall.  This 
response  had  a  very  consistent  latency  of  approximately  75  msec  regardless  of  the 
height  froa  which  the  subjects  were  dropped.  Cats  were  found  to  exhibit  a  similar 
short  latency  response  which  Is  permanently  abolished  by  bilateral  labyrlnthectoay,  but 
not  by  surgical  blocking  of  the  sealclrcular  canals  (6). 

Greenwood  and  Hopkins  (7-9).  have  extended  this  earlier  work. to  find  that  In  longer 
falls  (200  msec),  the  Initial  short  latency  EMG  burst  was  followed  by  a  second  peak  of 
activity  time  to  occur  before  the  moment  of  landing.  These  same  Investigators  (8)  also 
have  shown  that  the  early  burst  of  EMG  activity  Is  not  present  when  labyrtnthectoalzed 
aan  Is  suddenly  dropped,  confirming,  the  earlier  animal  work  of  Matt  (6). 

An  effective  aeons  of  measuring  changes  In  this  vestlbulo-splnal  system  may  be  with  a 
clinical  testing  procedure  which  uses  electrical  stimulation  to  elicit,  froa  the  calf 
muscles,  a  monosynaptic  reflex  known  as  the  Hoffmann,  or  H-reflex.  In  contrast  to  the 
short  latency  EMG  activity  elicited  from  an  unexpected  drop,  the  H-reflex  would  be  par¬ 
ticularly  useful  as  a  measure  of  central  vestibular  adaptation.  That  Is,  otolith 
organ  sensitivity  may  not  change,  but  the  lower  spinal  motoneurone  pool  may  be  subject 
to  charged  presynaptlc  Influences,  and  perhaps  parallel  descending  vestlbulo-splnal 
Information. 

The  procedures  for  eliciting  this  reflex  have  been  well  documented  by  Hugon  (10). 
Using  this  method  Uatt  (11)  Investigated  In  decerebrate  cats  the  effects  of  vertical 
acceleration  on  motoneurone  pool  excitability  In  the  lumbosacral  spinal  cord.  A  signi¬ 
ficant  reflex  effect  requiring  a  change  In  acceleration  of  0.1-g  or  more.,  of  the  oto¬ 
lith  apparatus  on  the  postural  mechanisms  was  observed, 

Matthews  and  Uhlteslde  (12)  dropped  human  subjects  *n  a  seated  position  to  Investigate 
both  stretch  reflexes  and  the  H-reflex  as  a  function  of  zero-g.  Their  results  Indi¬ 
cated  a  decrease  In  amplitude  of  the  H-reflex  which  occured  froa  50  to  100  msec  after 
the  subject  was  dropped.  He  feel  that  their  results  are  open  to  question.  Because 
Increased  muscle  activity  In  the  soleus  and  gastrocnemius  begins  from  75  to  100  msec 
following  an  unexpected  fall.  It  appears  unlikely  that  H-reflex  amplitude  (gain  changes 
In  the  motoneurone  pool)  vuld  be  attenuated  In  the  same  time  frame.  It  Is  possible 
that  the  result  from  Matt’  ;ws  and  Whiteside  were  due  to  the  manner  In  which  the  sub¬ 
jects  were  restrained  or  o  tier  methodological  and  mechanical  problems. 

In  contrast.  Greenwood '  and  Hopkins  (13)  exposed,  their  subjects  to  an  unexpected  drop 
while  they  were  either  seated  or  hanging  In  a  parachute  harness.  Unlike  Matthews  and 
Whiteside  they  found  an  overall  facilitation  (200-500X)  over  control  In  the  soleus 
H-reflex  which  began  approximately  30  to  40  mcec  after  release. 

More  recently,  research  In  our  laboratory  (14-15)  supports  the  findings  of  those  Inves¬ 
tigators  who  show  a  potentiation  of  the  H-reflex  respo.se  as  a  function  of  free  fall 
and  reduced  gravity  loads.  Using  human  subjects  we  have  employed  Soleus/Splnal 
H-reflex  testing  procedures  In  conjunction  with  an  accelerative  stimulus  of  approxi¬ 
mately  1.8-g  through  1-g  to  free  fall  (provided  by  NASA’s  KC-135  parabolic  airplane)  to 
assess  changes  In  the  vestlbulo-splnal  motoneurone  pool  as  a  function  of  variable  back¬ 
ground  acceleration  on  the  otoliths. 

8ased  on  the  results  of  these  studies  where  the  H-reflex  was  modulated  as  a  function  of 
gravity.  It  was  hypothesized  that  exposure  to  free  fall  for  a  prolonged  period  of  time 
would  reduce  the  necessity  for  postural  reflexes  In  the  major  postural  muscles,  and 
that  postural  modification  would  reflect  a  change,  not  In  the  perlpherlal  vestibular 
organs  (otolith),  but  more  centrally  (brain  stem).  This  postural  adjustment  would 
reflect  a  sensory/motor  rearrangement  where  the  otolith  Input  was  reinterpreted  to 
provide  an  environmentally  appropriate  response. 


METHOD:  EXPERIMENT  I 


Four  of  the  six  crewmembers  assigned  to  the  Spacelab-1  mission  served  as  subjects  for 
this  Investigation.  Preflight  data  were  collected  151,  121,  65,  44  and  10  days  prior 
to  the  flight  { F  - 1 5 1 ,  F-121...,  etc.),  on  day  2  and  day  7  of  the  flight  ( MET  -  01  and 
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A  later  data  point  was  colloctod  on  on*  of  the  crow  at  A  ♦  120.  All  four  crewmembers 
partlclpatad  In  tha  prefllght  and  postfllght  tasting.  However,  only  two  crewmen  were 
tastad  on  A  a  0.  H-reflex  data  In  conjunction  with  tha  linear  accalaratlon  was 
obtalnad  Inflight  with  ona  craw  waabar  on  NET-01  and  froa  two  crawaaabars  on  MET-06. 
Tha  Spacelab-1  flight  lastad  for  a  total  of  9  days. 
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Figure  1 


Hoffmann  Reflex 

The  H-reflex  as  shown  In  Figure  1  was  obtained  through  elicitation  of  a  monosynaptic 
reflex  recorded  from  the  soleus  muscle  by  electrical  stimulation  of  the  large  group  la 
fibers  In  the  popliteal  nerve.  A  needle  electrode  (modified  20g  hypodermic  needle), 
which  served  as  the  cathode  was  Inserted  In  the  popliteal  fossa  at  a  predetermined  and 
permanently  marked  (tattoo)  location  on  the  right  leg.  The  anode,  a  plate  electrode, 
was  secured  just  above  the  patella.  A  1  msec  constant  current  peak  limited  to  a  maxi* 
mum  of  20  mA  was  delivered  through  an  Isolation  unit  under  computer  control.  A  differ* 
entlal  amplifier  and  bipolar  electrode  configuration  was  used  to  record  the  reflex  from 
the  soleus  mus:le.  The  reflex  was  a  two*part  response:  a  direct  orthodromic  muscle 
response  (M-wave)  with  a  latency  of  S  to  10  msec  that  was  followed  15  to  20  msec  later 
by  the  monosypaphtlc  H-reflex.  Because  the  M*wave  represented  a  direct  muscle 
response,  It  tas  used  as  a  control  during  vestibular  (otolith)  stimulation.  The 
H-reflex  amplitude  reflected  the  sensitivity  of  the  lower  spinal  motoneurone  pool  as 
set  by  the  descending  postural  control  signals.  Prior  to  vestibular  stimulation,  the 
H-reflex  was  established  at  50*  of  the  maximum  value,  and  the  M-wave  was  minimal  but 
detectlble. 

Vestibular  Stlwulatlon 

Vestibular  (otcllth)  stimulation  during  prefllght  and  postfllght  testing  (Figure  2)  was 
provided  by  unexpectedly  dropping  the  subject  In  a  special  harness,  designed  to  leave 
the  arms  and  Icjgs  free,  from  a  quick-release  helicopter  cargo  hook.  For  each  drop  the 
subjects  were  slhocked  three  times.  Shock  sequence  consisted  of  a  conditioning,  control 
and  test  shock.  The  conditioning  shock  established  the  condition  of  the  neural  tis¬ 
sue.  Three  seconds  later  the  control  shock  was  delivered.  Three  to  5  sec  later  the 
test  shock  was  delivered  during  the  drop.  Shocks  during  the  drop  occurred  coincident 
with  the  drop  (0  msec  delay)  or  at  10  msec  Intervals  up  to  80  msec  following  Initiation 
of  the  drop.  An  experimental  session  was  comprised  of  four  drops  at  nine  delay  times 
(randomized)  for  a  total  of  thirty-six  drops.  The  averaged  response  to  the  test  shock 
was  normalized  with  respect  to  the  averaged  control  shocks  and  presented  as  a  percent 
chang*.  In  H-wave  (or  M-wave)  amplitude. 

A  dedicated  nl  :rocomputer  (LSI-11)  was  used  on-line  to  control  the  experiment.  Four 
programs  were  supplied  with  the  computer.  These  Included:  (1)  control  of  the  drop 
mechanism,  (2)  H-reflex  stimulus  sequence/delay,  (3)  data  collection  and  analysis,  and 
(4)  graphics. 

Inflight,  we  used  the  Canadian  'hop  and  drop*  station,  a  special  harness  arrangement, 
drop  apparatus^  and  calibrated  bungee  cords  to  pull  the  subject  to  the  floor  of  the 
Spacelab  (17).  The  drop-to-shock  delay  times  employed  Inflight  also  differed  from 
those  used  prefllght  and  postfllght.  An  experimental  session  was  comprised  of  eight 
shock-to-drop  delays  ranging  from  0  to  70  msec  In  10  msec  Increments.  On  HET-01  four 
responses  at  ekeh  of  the  eight  delays,  were  recorded.  This  was  reduced  on  NET-06  when 
only  two  responses  at  each  of  the  delay  times  were  obtained.  The  Inflight  computer  (a 
modified  P0P-8f)  was  used  to  control  the  experiment,  release  the  drop  mechanism,  time 
the  electric  slock  and  collect  the  data.  The  data  was  either  'dumped*  real  time  to  the 
ground,  or  stored  on  digital  tape  until  It  could  be  dumped. 


Parameter  Recorded 


Preflight 


Inflight 


Postflight 


Skull  Acceleration 

X 

X 

X 

Body  Position 

X 

Gettrocnemius  EMG 

X 

Vertical  Eye  Movements 

X 

X 

Release  Time 

X 

X 

X 

Landing  Time 

X 

X 

X 

Shock  Delay 

X 

X 

X 

•ody  position  was  obtained  by  filming  the  drop  prefiight  and  postflight  at  1000 
frames/sec.  In  flight  the  drop  was  recorded  with  a  video  system  on  video  tape.  Every 
10th  film  frame  was  analysed  to  determine  the  angle  of  the  head,  trunk,  hips,  knees  and 
ankles.  Resolution  of  the  video  tape  for  analysis  was  limited  to  approximately  20 
frames/sec.  Using  the  body  angles  (Figure  2)  obtained  from  the  film  and  video  record¬ 
ings,  stick  figures  were  created  and  plottad  in  sequence  to  aid  in  visualization  of  the 
sudden  drop.  The  angles  were  also  used  to  determine  percent  change  in  a  selected  body 
angle  during  the  drop  when  compared  with  that  angle  just  prior  to  the  drop.  This  cal¬ 
culation  was  referred  to  as  the  change  in  absolute  body  angle.  A  second  percent  change 
measurement  was  computed  where  each  angle  was  referenced  to  the  angle  which  just  pre¬ 
ceded  It  during  the  drop.  This  method  yielded  a  running  percent  change  in  body  posi¬ 
tion  or  the  dynamic  percent  change. 
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Figure  2 

Preflight  and  postflight  skull  acceleration  was  obtained,  with  a  linear  Z  axis  acceler¬ 
ometer  attached  to  a  bite  board  and  held  In  the  subjects  mouth  during  the  drop. 
Inflight,  the  accelerometer  was  attached  to  the  back  of  the  head  with  a  velcro  strap 
arrangement.  The  signal  from  the  accelerometers  was  digitized  at  approximately  100 
samples/sec . 

EMG  activity  recorded  from  the  gastrocnemius  muscles  of  the  subject's  left  leg  was 
amplified  and  digitized  In  real  time  at  100  samples/sec.  The  RMS  amplitude  of  the  EMG 
activity  was  then  detemlned  by  starting  at  70  msec  from  before  the  Initiation  of  the 
drop,  to  170  msec  Into  the  drop.  The  electrodes  used  to  record  EMG  activity  were 
placed  on  the  belly  of  the  gastrocnemius  muscle  over  tattoo  marks. 

Drop  Sensation 

In  addition  to  recorded  electrophyslologlcal  parameters,  the  subjects  were  asked  to 
described  sensations  associated  with  the  sudden  and  unexpected  falls.  In  particular, 
they  were  to  compare  the  Inflight  drops  with  those  experienced  preflight,  and  the  post¬ 
flight  drops  with  those  preflight  and  Inflight.  The  subjects  were  also  asked  to 
describe  and  report  any  differences  or  difficulty  In  landing  from  the  fall  and  any 
postflight  difficulty  In  walking. 


3-3 


RESULTS:  EXPERIMENT  I 


The  ritulti  of  the  vestlbulo-splnal  riflix  experiment  »r«  presented  below  In  a  graphic 
format.  A  detailed  statistical  analysis  Is  currently  In  prograss  and  not  available  at 
this  tlaa.  However,  tha  data  Indicate  considerable  differences  between  subjects  and 
within  subjects  as  a  function  of  the  Spacelab-1  flight. 

Motoneurone  Pool  Excitability 

Figure  3  shows  a  typical  set  of  responses  to  a  brief  unexpected  fall  from  lg  to  free 
fail  (a  step  acceleration  of  9.8  m/sec<).  The  tine  scale  at  the  bottom  of  the  figure 
has  not  been  adjusted  for  a  20  msec  delay  that  was  Inherent  Into  both  the  ground  and 
flight  hardware.  Between  the  tine  that  a  command  to  drop  had  been  sent  to  the  drop 
mechanism  and  data  collection  began  or  the  shock  initiated,  approximately  20  msec 
elapsed.  Because  of  this,  a  time  of  0  msec  should  be  read  as  20  msec.  This  correction 
applies  to  all  drop-to-shock  delay  times  presented  in  the  graphs  of  these  results 
unless  It  Is  specifically  noted  that  an  adjustment  for  the  20  nsec  delay  hat  been 
Included  In  that  graph. 

The  response  In  the  top  trace  of  rlgure  3  Is  the  control  H-reflex  response  that  was 
obtained  approximately  3  to  $  sec  prior  to  the  actual  drop.  The  second  trace  shows  the 
test  H-reflex  In  response  to  the  drop.  In  this  case  the  test  shock  was  delivered  at  70 
msec  with  the  drop  (an  unadjusted  drop-to-shock  delay  of  SO  msec).  Note  the  large 
potentiation  of  the  H-reflex,  with  no  change  apparent  In  the  M-wave  response,  as  a 
function  of  the  drop.  The  third  trace  represents  the  ENG  data  obtained  from  the 
gastronemlus  muscles  of  the  right  leg.  The  fourth  trace  Is  the  vertical  position  of 
the  eye  In  response  to  the  drop.  The  fifth  trace  from  the  top  represents  Z  axis  accel¬ 
eration,  and  the  bottom  trace  Is  a  blank  channel  with  no  data  recorded.  Landing  time 
relative  to  the  release  of  the  subject  at  0  msec  Is  Indicated  by  the  vertical  dashed 
line  at  147  msec. 


Figure  3 


Figure  4  Is  a  typical  drop-to-shock  response  curve  showing  the  potentlaton  of  the 
H-reflex  as  a  function  of  delay  time.  The  variability  (Standard  Error  of  the  Mean) 
Indicated  on  this  graph  Is  representlve  of  the  typical  variance  associated  with  data 
collected  with  this  method.  Each  data  point  that  represents  a  shock-to-drop  delay  time 
Is  th?  average  response  of  20  H-reflex  responses  obtained  over  five  prefllght  test  days 
from  one  subject  with  four  responses  recorded  during  each  day.  Note  that  potentiation 
of  the  H-reflex  begins  between  40  and  50  msec  (20  msec  adjustment)  and  reaches  a  maxi¬ 
mum  :<eak  value  at  80  msec.  The  percent  change  on  the  Y  axis  represents  a  difference 
percentage  where  the  test  H-reflex  response  Is  a  difference  of  the  average  (N«160)  con¬ 
trol  response: 

_ X  Change  From  Average  Control  Response  •  "RT  -  TTC  »  100 
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Figure  * 

Figure  5  represents  e  preflight  summary  of  the  four  crewmen  tested.  Again  each 
drop-to-shock  delay  point  represents  an  average  of  20  H-reflex  responses  for  each  of 
the  four  subjects.  This  family  of  curves  shows  that  there  were  considerable  prefllght 
differences  In  the  motoneurone  pool  excltlblllty  for  each  of  the  crewmen  tested.  The 
maximum  response  from  subject  0  was  less  than  300S  change  In  H-reflex  amplitude  over 
control  values,  while  that  for  subject  A  was  as  high  as  1100X.  This  difference  In 
magnitude  leas  correlated  with  Inflight  motion  sickness  susceptibility  (see  below). 
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Figure  5 

light.  Inflight  and  Postfllght  H-Reflex  Summary 

Figures  6,  7,  8  and  9  represent  the  summary  of  K-reflex  amplitude  changes  for  each  of 
the  four  crewmen  as  a  function  of  drop-to-shock  delay  and  test  day.  Figure  6  shows 
prefllght.  Inflight  and  postfllght  response  curves  for  subject  A.  This  1$  a  complete 
family  of  curves  with  two  Inflight  measurements.  Figure  7  presents  the  data  for  sub¬ 
ject  8  and  Includes  only  one  Inflight  measurement  (MET-06).  The  crewmen  (subjects  C 
and  D)  whose  data  are  presented  In  Figures  8  and  9  Include  only  prefllght  and  post- 
flight  measurements. 

The  data  presented  In  Figure  6  Indicate  that  when  the  amplitude  of  the  H-reflex  (moto¬ 
neurone  pool  excltlblllty)  was  obtained  approximately  24  hours  In  free  fall  that  the 
response  was  about  the  same  as  the  prefllght  average.  By  the  seventh  day  In  flight 
(HET-06)  It  was  clear  that  a  significant  change  had  occurred.  The  H-reflex  no  longer 
showed  potentiation  to  the  later  drop-to-shock  delays  as  It  did  prefllght.  In  con¬ 
trast,  the  R*0  data  (approximately  2.5  hr.  after  landing)  showed  a  large,  three-fold, 
potentiation  of  the  H-reflex  over  prefllght  averages.  By  R  ♦  1  there  was  a  response 
decrease  Indicating  a  tendency  for  return  to  baseline.  However,  the  data  for  R+2 
showed  a  rebound  with  a  maximum  potentiation  above  R+l  and  R+0.  This  rebound  continued 
cn  R+4  and  R+6  with  approximately  a  four-fold  change  In  amplitude  iver  the  prefllght 
maximum.  No  additional  data  were  collected  for  subject  A  following  the  R+6  test.  A 
return  to  baseline  Is  assumed  based  on  the  data  obtained  from  subject  8  (see  below). 
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Figure  6 

The  H-reflex  data  for  tubjtct  8  art  presented  In  Figure  7.  Tha  solid  lint  raprasants 
tha  preflight  avaraga  percent  change  In  H-reflex  amplitude  over  the  control  responses 
as  a  function  of  tha  drop-to-shock  delay.  Inflight,  H-reflex  amplitude  changes 
obtained  on  day  seven  (NET-06)  of  the  flight  are  equivalent  to  those  obtained  fro« 
subject  A.  That  Is,  the  H-reflex  does  not  show  potentiation  as  a  function  of  drop-to- 
shock  delay.  PostfllghL,  on  R*0  there  was  a  significant  change  in  peak  H-reflex  aapll- 
tude  going  fro*  9008  to  approxlaately  19008.  On  R*1  the  aaxlaua  amplitude  had  dropped 
below  the  R+0  value  to  17008.  As  with  subject  A,  there  tras  a  rebound  on  R+2  and  R+4 
which  resulted  In  peak  amplitudes  near  those  obtained  on  R+0.  By  R+6  subject  B  was 
showing  a  tendency  to  return  to  baseline  values  with  a  aaxlaua  drop-to  shock  amplitude 
of  approxlaately  13008  over  the  average  control  response  for  that  day.  Subject  8  was 
again  tested  on  R»120,  and  showed  responses  equivalent  to  the  preflight  values  (not 
Indicated  on  Figure  7).  Because  of  the  long  interval  between  R+6  and  R+120  It  cannot 
be  determined  when  the  return  to  baseline  actually  occurred. 
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Figure  7  . 


As  indicated  above,  subjects  C  and  0  were  not  tested  Inflight,  or  postflight  on  R+0. 
Figure  8  shows  the  data  for  Subject  C.  The  H-reflex  amplitude  shows  a  potentiation  of 
approximately  8008  over  control  values  for  R*l  and  R+2.  This  Is  an  Increase  of  about 
2008  to  3008  above  the  preflight  value.  By  R+4  subject  C  had  returned  to  baseline. 
Subject  0  (Figure  9)  showed  little  change  on  R+l  froa  preflight,  and  quickly  returned 
to  baseline  by  R+2. 
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Figure  8 


Figure  9 
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Figure  10 

Figure  10  shows  the  percent  change  In  A-wave  amplitude  from  the  average  control  A-wave 
for  one  subject  (B)  as  It  was  measured  prefllght,  Inflight  and  postfllght.  Note  that 
there  Is  no  real  change  In  amplitude  as  a  function  of  drop-to-shock  delay  for  any  of 
these  test  periods.  These  data  indicate  that  the  amplitude  changes  observed  In  the 
H-reflex  reflect  the  excltlblllty  of  the  motoneurone  pool,  and  not  local  effects  In  the 
reflex  arc  or  artifact.  The  curves  In  Figure  10  are  representative  of  the  A-wave  data 
obtained  for  subjects  A,  B  and  C.  It  was  very  difficult  to  elicit  a  recordable  A-wave 
from  subject  0  with  electric  currents  set  to  obtain  the  SOt  maximum  H-wave  amplitude 
required  for  testing.  However,  a  stable  A-wave  for  subject  0  was  verified  by  using 
supramaximal  shocks. 

Gastrocnemius  FAG  Activity 

Presented  In  Table  !I  are  the  latency  of  the  EAG  activity  relative  to  the  start  of  the 
drop  (adjusted  for  the  20  msec  delay),  and  the  HAS  amplitude  of  that  activity  taken 
from  70  msec  to  170  msec  Into  the  drop.  There  Is  some  question  about  the  data  on  R  ♦  0 
for  subject  B.  In  the  analog  output  there  was  evidence  of  amplifier  saturation  with  a 
long  time  constant,  which  tended  to  Increase  the  RAS  amplitude  value.  Based  on  data 
from  the  remaining  three  subjects  who  showed  little  change  on  R+0  relative  to  the  other 
test  days,  we  suspect  that  the  higher  amplitude  recorded  for  Subject  B  does  not  Indi¬ 
cate  an  Increased  motoneurone  pool  activity.  Note  that  the  standard  deviations  for  all 
measurements  are  high. 
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Vertical  Eye  Movement 

The  vertical  eye  movement  recorded  In  response  to  the  sudden  fall  was  ballistic  In 
nature.  No  visual  tracking  was  apparent  In  the  data.  Both  latency  and  velocity  meas¬ 
urements  showed  no  change  from  prefllght  to  postfllght  tests.  Varablllty  of  these  data 
were  similar  to  those  observed  with  the  EM6  data. 

Body  Position 

Using  the  body  angles  as  defined  In  Figure  2,  the  drop  position  of  the  subject’s  fal¬ 
ling  body  was  plotted  as  the  stick  figures  In  Figure  11.  This  figure  Is  a  graphic 
representation  of  Subject's  A  fall  on  F - 10  whlcit  showed  very  little  change  In  limb 
position  or  head  position  as  a  function  of  the  drop.  This  figure  Is  representlve  of 
all  subjects  tested.  Figure  12  plots  head  and  limb  angles  from  the  stlcH  figures  as  a 
dynamic  percent  change  (the  angle  at  0  msec  Is  compared  with  the  angle  at  10  msec,  and 
the  angle  at  10  msec  with  that  at  20  msec,  etc.),  and  Flaure  13  Is  a  plot  of  absolute 
angle  change  (all  angles  are  compared  to  that  at  0  msec).  Note  that  there  Is  rela¬ 
tively  little  or  no  change  In  position  during  the  fall.  When  these  data  are  compared 
with  these  In  Figure  14,  It  Is  apparent  that  the  falls  following  the  flight  were  no 
different  than  those  prefllght  for  a  period  of  220  msec. 

However,  Figures  15  shows  a  plot  of  stick  figures  for  a  longer  duration,  and  compares 
prefllght  and  postfllght  fall.  In  this  case  the  analysis  was  continued  for  1  sec  after 


release  of  the  subject  end  each  stick  figure  represents  e  SO  msec  Increment.  The  lend* 
Ing  occurred  et  approximately  200  msec  after  start  of  the  fall.  Note  that  pref light 
the  subject  appears  to  be  stable  and  maintains  balance  after  landing.  Postfllght,  the 
subject  show  considerable  change  In  posture  and  balance.  Following  the  landing,  the 
subject  begins  to  fall  backwards  and  hops  off  of  the  floor  raising  the  knees.  Without 
aid,  the  subject  would  have  fallen.  Data  from  this  one  subject  Is  representlve  of  that 
obtained  from  all  four  subjects.  Instability  after  the  landing  for  all  subjects  was 
evident  until  approximately  R  ♦  4. 
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Perceived  Motion  and  Sensations 

When  questioned  about  their  sensation  to  the  sudden  drop  Inflight,  the  two  subjects 
tested  reported  that  on  day  seven  ( MET -06 )  the  drop  did  not  feel  as  though  they  were 
falling  when  compared  to  that  experienced  on  the  ground,  or  with  those  drops  on  flight 
day  two  ( MET -01 ) .  8y  MET-06  the  sensation  was  as  If  "being  shot  out  of  a  cannon",  or 
"very  abrupt  and  unp1easant*and  "they  (the  drops)  were  a  surprise  when  It  happened." 
The  subjects  also  reported  that  the  landings  on  MET-06  were  very  hard,  and  that  they 
were  not  prepared  when  the  landing  did  occur.  This  was  confirmed  from  video  tapes 
taken  of  the  Inflight  drops.  It  frequently  appeared  as  though  the  crewmen  did  not  know 
where  their  feet  or  legs  were,  and  were  unprepared  to  land.  One  subject  "fell"  (failed 
to  maintain  his  balance)  several  times  during  the  MET-06  drops. 

The  postf light  drops  on  R+0  and  R+l  were  reported  by  the  crewmen  tested  Inflight  to  be 
similar  to  the  Inflight  drops  on  MET-06.  That  Is,  the  fall  was  hard,  abrupt  and  the 
landing  was  a  surprise.  All  crewmen  reported  that  postfllght  the  sensation  was  not  a 
fall,  but  that  the  floor  came  up  to  meet  their  feet.  These  sensations  continued 
through  testing  on  R+2  and  R+4. 


Space  Motion  Sickness  and  the  H-reflex 


The  degree  and  severity  of  space  motion  sickness  experienced  by  the  four  crewmembers 
who  participated  In  this  experiment  was  monitored  as  part  of  another  experiment  (17), 
and  In  a  less  controlled  fashion  by  our  experiment  and  mission  operations.  A  brief 
summary  of  the  results  Indicated  that  three  of  the  four  subjects  experienced  frank 
sickness  (vomiting)  more  than  once  during  the  first  three  days  of  the  flight.  The 
fourth  crewmember  was  asymptomatic.  All  crewmembers  did  take  antimotion  sickness  medi¬ 
cation.  When  ranked  (by  our  experiment)  for  severity  of  symptoms  experienced  during 
flight  we  found  symptom  strength  to  be  greatest  In  subjects  A  and  B,  and  least  In  sub- 


J-IJ 


Following  this  otolith  tilt-translation  reinterpretation  hypothesis  we  predicted  that 
roll  stlNulatlon  would  produce  roll  self-motion  perception  prefllght,  but  that  this 
stimulation  would  be  associated  primarily  with  linear  translation  self-motion 
perception  Immediately  postflight.  Ue  predicted  also  that  horizontal  eye  movements 
during  roll  motion  would  be  greater,  and  that  ocular  counterrolling  would  be  reduced 
Immediately  postfllght  relative  to  the  prefllght  and  later  postfllght  observations.  If 
the  free-fall-adapted  brain  Interprets  otolith  signals  as  Indicating  translation,  the 
appropriate  compensatory  eye  movement  during  roll  would  be  rotation  In  the  horizontal 
plane. 


METHOO:  EXPERIMENT  II 


Three  astronauts  participated  In  this  experiment.  One  was  from  the  STS-8  flight  and 
two  were  from  the  STS -11  mission.  As  described  below,  these  three  crewmen  were  asked 
to  described  their  perceived  self-motion  path.  Only  two  participated  In  the  vestlb- 
ulo-ocular  measurement  phase  of  the  Investigation  ( STS - 11 ) . 


Perceived  Self-Motion  Path 

Linear  aceleratlon  was  provided  by  using  the  Miami  University  Parallel  Swing.  The 
swing  Is  a  four-pole  pendulum  which  produced  “linear11  (translation)  oscillation  at  0.26 
Hz.  For  translation,  the  swing  was  moved  manually  by  the  experimenter.  The  swing 
restraint  system  Included  an  aluminum  cylinder  which  was  connected  to  a  motor  drive  and 
could  be  rolled  at  amplitudes  up  to  ♦/-  20°  and  frequencies  between  0.1  and  0.5  Hz. 
Objective  measures  of  translation  and  roll  motion  were  provided  by  appropriate  trans¬ 
ducers. 

The  subject  was  restrained  Inside  of  a  styrofoam  body  mold  and  Incased  In  the  aluminum 
cylinder.  Head  restraint  was  provided  by  ear  pads  and  a  bite  board.  The  subject  was 
placed  In  the  restraint  In  the  prone  position  and  his  head  was  dorsal-flexed  about  50 
deg.  A  cloth  shroud  enclosed  the  head-end  of  the  cylinder  and  eliminated  motion  cues 
from  light  and  air  currents. 

Responses  to  three  motion  stimuli  were  obtained.  These  were  linear  translation  at  100 
cm/sec/sec,  roll  at  +/-  5  deg,  and  phase- locked ,  combined  roll  and  linear  motion. 
Translation  was  In  the  direction  of  the  subject's  Y  axis.  Roll  motion  was  around  the 
subject's  Z  body  axis  (X  head  axis).  For  both  types  of  motion,  the  oscillation  fre¬ 
quency  was  9.26  Hz. 

Three  cycles  of  each  type  of  motion  stimulus  were  presented.  The  subject's  reports 
consisted  of  drawings  i.td  verbal  reports  of  his  perceived  self-motion  path. 


Vestlbulo-Ocular  Response 

The  apparatus  was  the  same  as  that  used  In  the  self-motion  perception  study  with  the 
addition  of  eye  movement  recording  capability.  Eye  movements  were  recorded  using  an 
experimental  RCA  video  camera.  The  peak  sensitivity  of  the  camera  was  890  nm.  The 
subject's  left  eye  was  focused  with  the  ald'of  extender  rings.  The  light  source  was  an 
array  of  12,  100-mw  Infrared-emmlttlng  diodes  mounted  on  the  camera  lense.  The  camera 
output  was  recorded  on  one-half  Inch  tape  with  a  V’rlS  system.. 

Eye  movements  were  recorded  during  roll  (+/-  15  deg)  and  Y  axis  linear  translation 
oscillation  (200  cm/sec/sec).  The  oscillation  frequency  was  0.26  Hz.  The  goal  was  to 
record  during  five  consecutive  cycles  of  movement. 


RESULTS ;  EXPERIMENT  II 


Perceived  Self-Motion  Path 


Drawings  Indicating  perception  of  self-motion  path  during  roll  are  Illustrated  In 
Figure  17.  Prefllght,  the  three  astronauts  reported  that  cylinder  roll  produced  nearly 
pure  roll  self-motion  perception,  which  they  Illustrated  by  drawing  a  "U*  shape  with 
arrows  at  the  ends,  and  that  linear  translation  oscillation  was  perceived  as  nearly 
pure  linear  self  motion.  Immediately  postfllght,  roll  stimulation  was  perceived  as 
translation  self  motion  with  a  small  angular  motion  component.  Their  verbal  reports 
corresponded  to  the  drawings. 
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Vestlbulo-Ocul ar  Responses 


Analysable  data  during  roll  oscillation  were  obtained  from  both  observers  on  F-60  and 
F-7  days  prior  to  flight,  between  R+70  and  R+150  min  following  landing  and  on  R+2  and 
R+3  days  after  landing.  Fewer  usable  data  were  obtained  during  linear  translation. 
Quantitative  analysis  of  the  video  tape  records  focused  on  the  horizontal  eye  move¬ 
ments.  The  average  number  of  horizontal  nystagmus  beats  per  cycle  of  roll  or  transla¬ 
tion  stimulation  for  both  observers  Is  Illustrated  In  Figure  18.  Horizontal  nystagmus 
during  roll  stimulation  was  greater  Immediately  postfllght  than  on  R+2  or  R+3  or  pre- 
flight.  The  data  suggest  depression  of  horizontal  eye  movements  during  roll  on  R+2 
after  landing  and  some  rebound  or  R  +  3.  The  data  obtelied  during  translation  stimula¬ 
tion  suggest  enhancement  of  the  horizontal  eye  movement  response  on  the  second  and 
third  days  after  landing. 
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Qualitatively,  the  recording  during  roll  fro*  Astronaut  2  Immediately  postfllght 
appears  dlfforont  fro*  tht  othar  recordings.  This  record  shows  the  "classic*  phase* 
reverting  horizontal  nystagmus  teen  ordinarily  during  oscillation  around  the  Z  head 
eats. 

lye  movements  were  difficult  to  attest  because  of  the  movement  of  the  astronaut's  head. 
In  the  restraint  relative  to  the  camera,  poor  Image  quality  end  the  Inability  of  the 
observers  to  maintain  eye  fixation. 

The  video  tape  records  Indicate  a  clear  ocular  eounterrol 1 1 ng  In  Astronaut  3  during 
roll  stimulation.  The  counterrolling  was  observable  at  *150  min  after  landing  as  well 
as  preflight  and  on  the  second  and  third  days  after  landing.  Because  of  the  poor  Image 
quality,  no  attempt  has  been  made  to  analyse  these  data  quantitatively. 


DISCUSSION 


Otolith  Reinterpretation 

Me  postulate  that  exposure  to  prolonged  free  fall  Is  a  form  of  sensory-motor  rearrange¬ 
ment.  He  hypothesize  that  adaptation  to  this  rearrangement  results  In  reinterpretation 
by  the  brain  the  otolith  Input  rather  than  reduction  of  otolith  sensitivity.  This 
reinterpretation  Is  required  for  structured  and  meaningful  Interaction  with  and  reac¬ 
tion  to  the  altered  environment. 

Melvlll  Jones  (20)  may  have  been  the  first  to  note  that  adaptive  changes  during  orbital 
flight  could  leave  the  brain  temporarily  unresponsive  to  otolith  stimulation  by  the 
steady  "g"  vector.  Young,  Oman  and  their  colleagues  (21,  17)  suggested  "otolith  rein¬ 
terpretation"  as  one  of  several  possible  consequences  of  prolonged  weightlessness  which 
they  examined  In  the  MIT-Canadlan  Spacelab  1  experiments. 

Experiment  1 

Data  from  the  vestlbulo-splnal  experiment  support  the  otolith  reinterpretation  hypoth¬ 
eses.  Under  normal  gravity  conditions,  sudden  free  fall  elicits  an  otolith-spinal 
reflex  If  the  body's  Z  axis  Is  parrallel  to  the  gravity  acting  on  the  body  mass  and  are 
In  the  direction  of  the  gravity  vector.  This  reflex  response  preparesthe  body  for 
the  Impact  deceleration  of  landing  following  the  fall. 

During  space  flight  a  fall,  defined  as  linear  translation  parallel  to  gravity,  Is  mean¬ 
ingless  because  gravity  Is  absent.  (The  "drops"  produced  on  orbit  by  our  aparatus  were 
linear  translations  but  were  not  falls.)  Consequently  the  adaptive  brain  learns  to 
Interpret  all  otolith  signals  as  Indicating  linear  translation  not  as  falls,  and  reflex 
responses  ordinarily  elicited  by  falls  are  lo-t. 

Perceptual  and  physiological  data  from  Experiment  I  support  this  hypothesis.  During 
space  flight  before  adaptation,  sudden  drops  were  perceived  as  falls;  but  following' 
adaptation  the  drops  were  perceived  as  linear  translations.  The  crewmen  reported  that 
drops  early  In  the  flight  felt  much  as  they  did  preflight.  The  H-reflex  changes  asso¬ 
ciated  with  these  drops  also  were  similar  to  those  obtained  preflight.  Later  In  the 
flight  the  drops  perceived  as  sudden,  fast  and  hard.  The  crewmen  were  not  aware  of 
where  their  legs  and  feet  were  and  exhibited  difficulties  In  maintaining  "balance"  fol¬ 
lowing  "landing."  Late  In  flight  the  H-reflex  was  not  potentiated  by  the  drops. 

Otolith  reinterpretation  also  was  supported  by  the  postflight  perceptual  responses. 
The  drops  postflight  were  perceived  just  as  they  were  at  MET-06  Inflight.  That  Is,  the 
crewmen  were  unaware  of  where  their  feet  were  and  the  drops  were  perceived  as  sudden. 
They  did  not  feel  as  though  they  were  falling;  rather,  "the  floor  came  up  to  meet 
them." 

Evidence  for  otolith  reinterpretation  was  not  seen  In  the  postflight  physiological 
response  data.  He  suggest  that  the  H-reflex  would  not  have  been  potentiated  by  drops 
Immediately  after  landing  and  that  reflex  would  not  have  been  potentiated  by  drops 
Immediately  after  landing  and  tnat  reflex  readaotatlon  had  occured  prior  to  our  first 
postfllght  observations.  Apprently  some  reflex  responses  readapt  to  normal  gravity 
very  rapidly. 

The  H-reflex  responses  reported  here  were  modified  by  prolonged  free  fall,  whereas  the 
direct  vestlbulo-splnal  responses  recorded  by  Watt  (17)  apparently  did  not  change  as  a 
consequence  of  this  environmental  alteration.  He  suggest  that  the  apparent  conflict 
between  the  two  sets  of  data  might  be  resolved  as  follows.  Hatt's  direct  vestibulo¬ 
spinal  response  may  reflect  primarily  changes  In  otolith  sensitivity,  whereas  our 
drop-moduated  H-reflex  may  reflect  primarily  Indirect  excitatory  and  Inhibitory  influ¬ 
ences  from  the  brain  stem  vestibular  nuclei.  Several  observations  are  consistent  with 
the  view  that  otolith  sensitivity  does  not  changes  In  the  direct  vestlbulo-splnal 
response  would  be  expected.  On  the  other  hand,  our  Indirect  H-reflex  responses  would 
reflect  plastic  changes  In  the  vestlbulo-splnal  nuclei  associated  with  otolith  reinter¬ 
pretation;  therefore,  changes  during  prolonged  space  flight  In  the  drop-modulated 


Postfllght  reports  of  self  aotlon  during  roll  stimulation  Indicate  that  the  subjects 
perceived  a  complex  Motion  composed  of  both  linear  and  angular  Motion.  Also,  the  eye 
MoveMent  recordings  Indicated  that  both  horizontal  rotation  and  ocular  counterrolling 
•ere  present  within  the  160-mln  period  after  landing.  These  results  are  Interpreted  as 
follows.  As  above,  following  retrun  to  the  normal-gravity  enclronoent,  the  brain 
appears  to  persist  In  Interpreting  any  change  In  otolith  signal  as  linear  Motion. 
Therefore,  the  otolith  response  chanae  produced  by  roll  (tilt)  was  perceived  as  linear 
Motion  and  elicited  horizontal  eyeball  rotation.  Because  oscillatory  roll  also  stlmu- 
lates  the  seMlcIrcular  canals,  the  Motion  path  was  perceived  as  a  coMblnatlon  of  roll 
and  translation  and  ocular  counterrolling  was  present. 

Adaptation  to  weightlessness  could  take  place  at  cortical'  or  subcortical  levels.  The 
observations  that  both  perceptual  and  eya-Movement  reflex  responses  during  roll  stlmu- 
latlon  were  altered  following  prolonged  space  flight  suggests  that  adaptation  took 
place  at  the  brain-stem  level. 

Other  Soacelab  1  Observations 

Results  froM  four  other  Spacelab  1  observations  are  congruent  with  those  reported 
here.  IwMedlately  postfllght  the  Spacelab  1  crewMCMbers  exhibited  decreased  postural 
stability  with  their  eyes  closed.  Increased  reliance  on  visual  cues  for  orientation  and 
Iwproved  ability  to  null  lateral  linear  Motion  In  the  "closed  loop  otolith  nulling 
task"  (17),  One  of  us  (BKL)  noted  that  the  "rooftop  Illusion*  ordinarily  experienced 
during  translation  on  the  U.  S.  Lab  Sled  was  absent  during  the  iMMedlate  postfllght 
period.  These  observations  lad  Young  et  al  (17)  to  propose  an  hypothesis  nearly  Ident¬ 
ical  to  the  one  developed  Independently  by  us  following  the  STS-8  Mission  (19,  26). 

Space  Motion  Sickness 

Motion  sickness  Is  aMong  the  probleMS  associated  with  space  flight.  A  substantial  body 
of  evidence  suggests  that  this  problem  nay  be  related  to  alteration  of  vestibular 
responses  following  prolonged  weightlessness  (22,  23). 

Sensory  conflict  appears  to  be  the  basic  mechanism  whereby  space  motion  sickness  Is 
produced  (23).  During  the  Initial  period  of  exposure  to  weightlessness,  signals  from 
the  otolith  receptors  would  conflict  with  those  from  the  semicircular  canals  would 
Indicate  that  the  expected  head  motion  had  occured;  however,  an  appropriate  signal  from 
the  otolith  receptor  response  during  prolonged  weightlessness  also  could  be  related  to 
disorientation  following  return  to  a  normal  gravity  environment.  , 

Many  astronauts  have  reported  that  pitch  head  motions  during  the  Initial  period  of 
orbital  flight  evoke  motion  sickness  symptoms  (24,  25).  These  reports  provide  addi¬ 
tional  support  for  the  sensory  conflict  approach  to  space  motion  sickness  as  well  as 
for  an  otolith  reinterpretation  hypothesis. 

The  results  from  Experiments  I  and  II  support  the  hypothesis  that  space  motion  sickness 
Is  related  to  otolith  activity.  Because  of  the  small  number  of  subjects  and  limita¬ 
tions  of  the  data,  proposal  of  procedures  for  predicting  space  motion  sickness  Inci¬ 
dence  and  severity  Is  not  possible  at  this  time.  Further  standardized  Investigation  Is 
required. 

Certainly  the  data  from  the  space  experiments  conducted  to  date  are  not  Ideal  and  firm 
conclusions  based  on  observations  from  the  several  directions  appears  to  support  an 
otolith  reinterpretation  hypothesis. 


ROTES 

The  experiment  In  this  paper  dealing  with  vestlbulo-splnal  reflexes  has  been  targeted 
for  publication  In  Experimental  Brain  Research,  and  If  accepted  will  appear  sometime  In 
1985.  The  Vestl bulo-ocul ar  and  self-motion  experiment  has  been  submitted  to  Aviation 
Space  and  Environmental  Medicine  for  publication  later  this  year. 
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DISCUSS  ION 

KLEIN,  PRO 

As  cauee  for  the  apace  Motion  eickneaa  there  ia  only  the  aenaory  conflict  Mentioned, 
(that  could  be  the  contribution  of  fluid  rediatribution  with  the  consequence  of  the 
•puffy  face*  to  the  symptomatology  of  apace  Motion  eickneaa? 

AUTHOR'S  (PARKER)  reply 

In  our  paper,  we  have  deacrlbed  a  Major  claaa  of  aenaory  conflict  aaaoclated  with 
welghtleaaneaa  aa  well  aa  evidence  for  a  neural  reaponae  -  otolith 
reinterpretation  -  to  that  conflict.  It  la  well  known,  that  analogous  aenaory 
conflicta  on  earth  elicit  Motion  aickneaa  froo  a  large  proportion  of  aubjecta. 
Consequently,  it  aaena  likely  that  aenaory  conflict  aaaoclated  with  diacordant 
algnala  from  the  otolith  receptora  and  other  apatial  orientation  receptora  ia  the 
priaary  court*  of  apace  Motion  aickneaa. 

Parker  et  al  (Aviation  Space  and  Environmental  Medicine,  1963)  have  reviewed 
poaaible  Mechaniana  whereby  fluid  shifts  night  produce  apace  notion  aickneaa.  One 
of  these  ia  associated  with  possible  biomechanical  changes  in  the  labyrinth  which 
would  result  in  aenaory  conflict  as  a  consequence  of  altered  senlclrcular  canal 
activity.  A  second  mechanise  involves  changes  in  angiotensin  levels  that  oould 
affect  the  chenoreceptor  trigger  tone  directly. 

However,  as  reported  by  Lackner  and  Grayblel,  there  is  no  evidence  for  Increased 
notion  aickneaa  susceptibility  following  prolonged  head-down  tilt  on  earth.  I 
subait  that  the  primary  cause  of  space  notion  sickness  is  the  sensory  conflict 
produced  by  the  discordant  otolith  input.  If  there  are  effects  associated  with  fluid 
ahifta,  I  suggest  that  they  are,  at  Most,  tertiary. 

TERZIOGLU,  TU 

Which  basic  aechaniaas  are  involved  in  the  reinterpretation  by  the  brain  of  otolith 
sensitivity?  I  think  this  hypothesis  should  be  investigated  by  animal 
experimentation. 

AUTHOR'S  (PARKER)  reply 

This  is  a  very  interesting  question,  and  your  suggestion  that  animal  experiments  be 
pursued  seems  to  be  quite  appropriate. 

We  postulate  that  weightlessness  produces  a  form  of  sensory  rearrangement  and  that 
otolith  reinterpretation  is  a  response  by  the  central  nervous  system  to  this 
rearrangement.  If  this  postulate  la  correct,  then  the  results  of  research  on  other 
types  of  sensory  rearrangements  should  give  us  clues  regarding  the  basic  mechanisms 
underlying  otolith  reinterpretation. 

Adaptation  to  sensory  rearrangement  (discordant  stimulation)  has  been  investigated 
and  discussed  for  over  hundred  years,  starting  with  scientists  such  as  von  Helmholts 
in  Germany  and  Stratton  in  the  United  States.  I.P.  Howard  (Human  Visual  Orientation, 
John  Wiley  a  Sons,  1982)  recently  reviewed  the  literature  on  sensory  rearrangement 
and  concluded  that  during  the  adaptation  process  neural  changes  occur  at  different 
levels  and  different  times  in  the  brain.  Changes  appear  to  occur  initially  at 
•higher*  levels  and  to  consolidate  at  *lower”  levels  after  the  adaptation  process  is 
complete. 

A  class  of  research  that  may  give  us  specific  clues  concerning  the  basic  mechanisms 
of  otolith  reinterpretation  relates  to  investigation  of  vestibular-ocular  reflex 
(VOR)  adaptation.  The  site  of  VOR  adaptation  is  the  subject  of  vigorous  research 
and  debate  among  vestibular  neurophysiologists  (see  Wilson  and  Melvlll-Jones, 
Mamalian  Vestibular  Physiology,  Plenum  Press,  1979).  Recent  research  by  Oman  at  al. 
(Science,  1980),  which  demonstrated  that  self-motion  perception  adapted  to  prism- 
produced  visual  field  reversal  before  eye  movement  reflexes,  is  congruent  with 
Howard's  view  that  adaptation  may  occur  at  different  levels  in  the  brain. 

Finallv  I  suqqest,  that  reliable  physiological  and  behavioral  observations  are 
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{/adaptation  daa  ajustements  posturaux  114a  4  la  aobillaatlon 
volontaire  du  bras  a  at4  4tudi4a  chat  deux  aujata  au  court  d'un 
vol  spatial  da  aapt  joura. 

Bn  apaaantaur,  on  obaarva  una  radiatr ibution  das  actlvltda 
4lectromyographiques  antra  muscles  fl4chixseurs  at  axtanaaurs  da 
Id  chavilla.  L'analyaa  das  donn6as  cinematographiques  aontra  una 
lncllnalson  iaportanta  du  corps  vars  l'avant  au  d4but  du  vol, 
sulvia  d'un  ratour  progressif  a  una  position  idantiqua  4  calls 
observ4e  an  situation  da  gravit4  tarrastra. 

Cas  rdsultats  sont  intarpritds  salon  l’axistanca  d'un  sch4aa 
corporal. 
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Catta  4tuda  antra  dans  la  cadra  d'. na  racharcha  fondamentale  sur  las 
intaractions  sensor i-mot rices  li6as  au  contrdle  postural.  Catta  exp4rience  a 
pour  but  l'4tude  da  la  r6organisation  da  cas  intaractions  au  cours  d'un  s6jour 
da  courts  duree  (7  jours)  da  l'homme  an  situation  d'apasantaur  (Cl4ment  at 
Lastianna  1981). 

La  contr&le  da  la  stabilit6  du  corps  ast  una  fonction  tr4s  coaplexa  pour 
l'hosaa.  En  effet,  la  cantra  da  gravit6  du  corps  ast  plac6  tr4s  haut  par 
rapport  k  un  polygons  da  sustantation  tris  6troit.  Par  aillaurs,  l'ensemble 
das  articulations  entrains  la  pr6sence  d'un  nonbra  important  da  dagr6s  da 
libart6. 

La  stabilisation  du  corps  en  position  debout  dans  un  champ  da  gravit6 
n6cesslta  una  activlt6  ausculaire  antlgravitaire  at  un  4quilibre  dynamique. 
Ces  deux  m4canismes  sont  sous  la  dependence  du  systems  nerveux  central  (SNC) 
qui  controls  l'activite  des  muscles  croisant  cheque  articulation.  Le  controls 
da  ces  effecteurs  est  assure  par  la  presence  da  r4cepteurs  proprioceptifs, 
comprenant  las  r6cepteurs  fusoriaux  at  tendinaux,  las  r4cepteurs  articulaires 
at  las  recepteurs  tactiles  qui  Informant  le  SNC  sur  la  position  relative  da 
chaqua  segment  par  rapport  4  das  r6f6rentlels  lntra  at  extra  corporels 
(Droulax  at  Lestienne  1981,  Matthews  1972).  L'appareil  vestibulaira  da 
1'oreille  Interne  posside  des  organas  sensibles  4  l'acc4l4ration  lul 
pernettant  da  d6tactar  das  changaments  da  position  du  corps  (Wilson  et  Melvill 
Jonas  1979).  Enfin  la  vision,  at  surtout  la  vision  p4riph6rique,  joue  un  role 
important  dans  la  contr&le  da  la  posture  en  informant  le  SNC  sur  les 
d6placements  du  monde  visual  par  rapport  au  sujat  (Lestienne  at  al.  1977, 
Dichgans  et  Brandt  1978,  Berthoz  at  al.  1979).  Ainsi,  chaque  mouvement  du 
corps  est  la  source  d'un  processus  complexe  d'integration  et  de  traltement 
d'informations  qui  parviennent  au  SNC. 

La  mobilisation  active  d'un  membre  (par  exemple  l’4l4vation  d'un  bras)  met 
en  jeu  des  forces  de  reaction  qui  d4stabilisent  le  corps.  Les  messages 
sensoriels  des  recepteurs  decrits  ci-dessus  informent  1q  SNC  qui  declenche,  au 
niveau  des  muscles  impliqu4s  dans  le  contr&le  de  l’6quilibre,  les  ordres 
moteurs  appropries  pour  lutter  contre  cette  destabilisation.  Des  6tudes  en 
laboratoire,  en  condition  de  gravite  terrestre,  ont  raontre  que  ces 
•programmes'  moteurs  sch4matiquement  sous  tendent  deux  categories 
d'ajusteoents  posturaux  :  ajustements  anticipes  et  ajustements  r4actionnels. 
Les  ajustements  posturaux  anticipem  oorrespondent_a  une— preparation"  au 
mouvement,  tandis  que  les  ajustements  r4actionnels  peuvent  etre  assimil4s  a 
des  'corrections*  posturales  r4sultant  d'une  perturbation  (Belenkii  et  al. 
1967,  Cordo  et  Nashner  1982). 


rigor*  1  i  activity  BMG  at  paraattres  bloaacaniquaa  enregistr4a  an 
laboratoire  chat  un  aujat  au  court  d'un  aouvaaent  du  brat  an 
vision  noraala.  La  trait  vertical  continu  repr4sente  I'inatant 
d'apparition  du  top  sonora. 


La  figure  l  aontre  las  aodif ications  da  l'activit4  4lectromyographique 
(BMG)  da  4  ausclas  da  la  jaabe  (Biceps  feaoris,  Quadriceps,  Solaus,  Tibialis 
anterior)  at  les  paraaitres  biom4caniques  (angulation  da  la  chevilla  at 
acceleration  du  bras)  observes  lors  d'un  aouvaaent  du  bras  an  condition  da 
vision  noraala.  La  desactivation  pr4coce  du  Solaus  at  l'activation  du  Biceps 
qui  precedent  raspectlveaent  d'environ  80  as  et  50  as  la  depart  du  bras 
peuvent  itre  interpretees  come  des  ajusteaents  posturaux  anticipes.  Le 
aouvaaent  d'eievation  du  bras  s'accoapagne  d'una  inclinaison  da  la  cheville 
vers  l'arrifere  (d'environ  6  degree)  qui  coaaence  30  as  apr&s  le  depart  du 
bras.  L'activation  du  Quadriceps,  conteaporaine  de  cette  inclinaison  de  la 
chevllle,  eat  un  exeaple  d'ajusteaent  postural  reactionr.el. 


/  S 

I-es  resultats  qua  nous  pr4sentons  lei  ont  4t4  s4lectionn4i'~';utour  da  deux 
theaes  qui  nous  paraissent  fondaaentaux  s 

1)  Bn  apesanteur  la  notion  de  base  de  sui  tentation  n’a  plus  de  realite 
physique.  Par  ailleurs  dans  cetta  situation  il  n'est  plus  possible  d'utlliser 
la  coaposante  gravitaire  pour  coapensar  en  partie  les  forces  inertielles 
responsables  de  la  perte  d'equilibre.  Enfin  cette  situation  li’efere  la 
verrouillage  articulaire.  Autrement  dit,  le  sujet  peut  utlliser  une  gaaae  tres 
etendue  d'angles  d'ouverture  articulaire.  Aussi  peut-on  s’interroger  sur  le 
degre  de  persistence  dee  programmes  aoteurs  et  de  l'attitude  posturale 
terrestre. 

2)  II  est  adais  que  la  neutralisation  de  la  gravity  affecte  le  point  de 
fonctlonneaent  de  tous  les  r4cepteurs  sensor iels  sauf  les  recepteurs  visuels. 
Peut-on  alors  considerer  que  la  situation  d'apesanteur  est  assimilable  a  une 
"d4af f4rentation  fonctionnelle*  ?  Dans  cette  situation  les  r4cepteurs  visuels 
auraient  une  fonction  preponderante  tant  au  niveau  des  interactions  sensori- 
aotrices  114es  au  contrdle  postural  qu'au  niveau  des  processus  d'orientation. 
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b«  aujat,  laa  beta  la  long  du  oorpa,  aat  an  poaition  drlgda,  laa  plada 
(1x4a  aur  una  plataforaa.  Daus  accdldromdtraa  aolldalraa  du  polgnat  aaaurant 
raapact ivament  laa  aoc4l4tatlona  tangantlalla  at  radlala  du  mouvama'.t 
d'dldvatlon  du  beta  droit.  Un  potantioadtra  aasura  la  d4plaoaaant  angulaira  da 
la  ebavilla.  Una  caa4ra  filaa  (32  iaagas/a)  la  profil  du  aujat  qui  porta  daa 
polnta-clblas  au  nlvaau  da  la  tlta,  da  l'dpaula,  du  couda,  du  polgnat,  da  la 
haneba,  du  ganou  at  da  la  jaaba.  Laa  activltda  IMG  du  Solaua,  du  Tlbialla 
antarior,  du  Bicapa  faaorla  at  du  Quadricapa  du  c&td  droit  oont  alaultandaant 
anragiatrda.  Una  paira  da  lunattaa  paraat  aoit  d  occultar  totalaaant  la  vlaion 
aoit  da  r4tr4clr  la  obaap  vlaual  du  aujat  (vlaion  oantrala  ou 
tubulalra) (fig. 2) . 


Figure  2  i  Dispositif  axpdr laantal.  1  Plataforaa.  2  Boltlar 
dlectron ique.  3  Enregistreur  magndtlqua.  4  Ecoutaurs.  5 
Potentiometre  da  plataforaa.  6  Potent ioaitre  da  chavilla.  7  at  8 
Captaura  EMG.  9  Accdldromdtras  da  polgnat.  10  Lunattaa. 


La  aujat  a  pour  conaigna  d'etre  perpendlculaire  par  rapport  4  la 
plataforaa.  Un  top  aonora  conatitue  la  aignal  d'dldvatlon  rapida  du  braa  an 
diractlon  d'una  cibla  plac4a  davant  la  aujat. 

Chaqua  type  da  aouvaaanta  a  4t4  r4p4t4  10  foia.  Daus  aujeta  ont  4t4 
utiliada  pour  l'axpdrianca  au  coura  du  vol.  Jean-Lcup  Chretien  (JLC) ,  qui 
n'avalt  jaaala  adjournd  an  apasantaur,  a  realiad  l'axpdrianca  la  2a,  3a  at  7a 
jour  du  vol  apatial  (respactivement  la  lar,  2a  at  6a  jour  d'orbita  4  bord  da 
la  station  spatlale).  Vladimir  Djanibdkov  (VD) ,  qui  avait  ddja  participd  a 
daux  vols  spatiaux  da  huit  jours,  a  aarvi  da  aujat  uniquemant  la  5a  jour  du 
vol  (4a  jour  an  orbita).  Daa  dtudes  ayatdmatiques  utiliaant  la  meme  protocols 
experimental  ont  4t4  effectuees  au  Bol  30  jours  at  3  jours  avant  le  vol 
spatial,  ainai  qua  3  jours  aprss  l'atterrissage  avac  laa  deux  aujata. 


1)  HOOTWtnt  volontilt*  d'dldvaelon  du  beat  at  activltd  musculalre  poatutala. 

tea  ajusteaents  posturaux  consdcutlfs  au  mouvement  d' did vat ion  du  bras  au 
oc*i r a  du  sdjour  an  apesanteur  ebaa  laa  2  aujata  aont  lllustrds  tespectlveaent 
nut  laa  figures  3  at  4.  tea  ttaeda  sdlectlonnds  pour  cheque  jour  d'expdr lance 
aont  daa  enraglstreaents  reprdsentat If s  daa  10  aouveaenta  effectuds  an 
situation  da  vision  noraala  at  da  rlqidltd  forte.  Caa  traeda  raprdaantant 
1'aotlvltd  KNQ  daa  auaolaa  blcapa  feaorls,  Quadriceps,  Solaua  at  Tibialis,  la 
ddplaoanant  da  l'angulatlon  da  la  chevllle  dana  la  plan  saggltal,  at  laa 
aoedldratlona  radiala  at  tanqantlalla  du  braa. 


Figure  3  i  Act ivitd  ausculaira  lido  1  l'dldiiation  du  bras  chas  la 
sujat  JLC  t  3  jours  avant  (-3),  la  2d  jour  2),  la  74  jour  du  vol 
(7),  at  3  jours  aprds  la  vol  (+3). 


a)  Sujat  JLC  i  l'analysa  das  anragistrsaants  da  la  figura  3  fait 
apparaitra  las  points  sulvants  < 

-  avant  la  nouvanant  du  bras,  l'actlvltd  tonlqua  da  rapos  das  nusclss 
crolsant  l'artlculation  da  la  chav  ilia  (Solaus  at  Tibialis)  ast  profonddment 
nodlfida  au  cours  du  vol.  En  affat  la  2a  jour  du  vol  l'actlvltd  tonlqua  du 
Solaus  a  considdrablemant  diminud  par  rapport  aux  donndas  da  base,  at 
l'actlvltd  tonlqua  du  Tibialis  ast  devenua  trds  Important#.  Las  actlvites 
ausculairas  tonlquas  du  Sleeps  at  du  Quadriceps  ne  seablent  pas  etre  mod if  ides 
au  ddbut  du  vol  spatial.  Le  7e  jour  du  vol,  l'actlvltd  musculaire  tonlqua  de 
l'ens'eable  das  muscles  dtudids  a  sensibleraent  diminud  par  rapport  au  ddbut  du 
vol. 

-  lor*  du  mouvement  du  bras,  las  programmes  moteurs  das  muscles  posturaux 
sont  modi  fids  au  ddbut  du  vol  at  evoluent  tout  au  long  du  sdjour  an 
apaaantaur.  On  constate  notamment  la  dlsparition  de  la  ddsactivation  anticipee 
du  Solaus,  ddsactivation  qua  l'on  retrouva  au  niveau  du  Tibialis  anterior  au 
ddbut  du  mouvement  du  bras.  La  durda  de  cetta  ddsactivation  deviant  plus 
inportante  4  la  fin  du  vol  (jour  7)  et  se  manifests  clairement  avant  le  debut 
du  mouvement  du  bras.  La  bouffee  anticipate  ice  du  Biceps  femoris,  qui  est 
prdsenta  la  2a  jour,  diminue  la  3e  jour  du  vol  et  disparait  presque  totalement 
la  7e  jour  du  vol. 

-  la  tracd  du  ddplacamwnt’  da  la  cheville  raontre  que  l'amplitude  de  la 
perturbation  posturale  consecutive  au  mouvement  4U  bras  au  cours  du  vol  est 
peu  modifide  par  rapport  aux  donnees  de  base.  Cependant,  le  2e  jour  du  vol  11 
est  frdquent  que  l'artlculation  ne  retourne  pas  1  sa  position  initiale  4  la 
fin  du  mouvement  du  bras. 

-  les  enregistrements  effectuds  3  jours  a)?r4s  le  vol,  sensiblement 
ldentiques  4  ceux  des  donnees  de  base,  attestent  d'une  readaptation  de 


1'ensemble  des  param4tres  4  la  situation  da  gravitd  terrestre.  II  aat 
intdressant  da  notac  qua  l'on  retrouve  oapandant  das  bouffdes  phaaiquas 
d'ectlvitd  IMG  qul  caractdr lsaient  las  antaqlstcaaants  et.ectuds  4  la  (In  du 
vol  spatial. 
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Figure  4  t  Activitd  ausculalra  lide  4  l'dldvation  du  bras  chez  la 
sujet  VD  t  3  jours  avant  (-3).  la  54  jour  (5),  at  3  jours  apr4s  la 
vol  (+3). 


b)  aujat  VD  s  las  enregistr aments  da  la  figure  4  mettent  an  dvidence  las 
points  sulvants  t 

-  avant  la  aouvement  du  bras,  l'activitd  tonique  da  rapos  das  muscles 
crolsant  l'artlculatlon  da  la  chavllla  ast  Inverses  au  cours  du  vol  par 
rapport  aux  donnees  de  base.  Le  niveau  d'activitd  tonique  de  ces  muscles  est 
■oins  dleve  que  chez  le  sujet  JLC  t  an  effat  on  observa  chez  le  sujet  VD 
aucune  activity  tonique  du  Solaus.  et  une  activitd  tonique  faible  (puis 
lnaxistanta  en  fin  d'experience)  du  Tibialis  avant  la  aouvement. 

-  lors  du  aouvement  du  bras,  las  programmes  moteurs  observds  sont  peu 
diffdrents  de  ceux  enregistrds  avant  le  vol7~sauf  pour  le  Tibialis  qul  se 
ddsactive  environ  50  ms  avant  le  depart  du  bras  et  qui  presents  une  forte 
activitd  pendant  touts  la  durde  du  aouvement. 

-  le  ddplacement  de  la  chevllle  indique  la  prdsence  d'una  iaportante 
perturbation  pcsturale  creee  par  le  mouvement  du  bras,  qui  se  traduit  par  une 
forte  inclinaison  du  corps  vers  l'avant  (environ  6  degres)  durant  la  2e  phase 
du  mouvement. 

-  les  enregistrements  effectuds  apres  le  vol  montrent  qua  cetta 
perturbation  est  encore  prdsente  (inclinaison  prononcde  du  corps  vers  l'avant 
prdcedant  le  retour  4  la  position  initials)  et  que  las  programmes  moteurs  sont 
caractdr isds  par  des  Louffees  phasiques  simultandes  des  quatre  muscles 
dtudids.  II  faut  neanmoins  noter  que  de  tels  programmes  moteurs  ont  etd 
parfois  observes  lors  des  tests  effectuds  avant  le  vol. 


2)  Attitude  posturale 

Les  resultata  de  1'analyse  des  donnees  cindmatographiques  confirment  la 
prdsence  d'une  posture  initials  differente  chez  les  sujets,  comma  le  suggdre 
la  difference  entre  le  niveau  d'activitd  tonique  de  leurs  muscles. 


a)  sujet  JLC  :  la  figure  5  permet  de  comparer  la  position  relative  des 
diffdrents  segments  corporels  avant  et  pendant  le  mouvement  du  bras.  En 
apesanteur  on  constate  une  augmentation  de  l'inclinaison  initiale  du  corps 
vers  l’avant.  Le  2e  jour  cette  inclinaison,  sensiblement  identique  pour  tous 
les  segments  corporels,  est  de  13  degres  en  moyenne.  II  est  important  de 


•oulignet  qua  la  aujat  4tait  persuadi  qu'il  raapactalt  la  conalqna  c'ast-4- 
dira  i  4tta  parpandlculalca  par  rapport  a  la  platatoraa.  La  3a  jour  du  vol  on 
obaarva  un  radraaaaaant  du  corps  plus  important  pour  la  partis  infdriaura. 
Catta  lnclinaison  as  naintiant  pandant  touts  la  durda  du  aouvaaant.  Bnfin,  an 
coaparant  cas  donndas  avac  callaa  anraqiatruas  au  sol,  on  n'obsarva  pas  da 
modification  da  la  position  das  diffdrants  saqmants  las  uns  par  rapport  aux 
autraa. 


Figure  5  >  Reconstitution  da  la  posture  du  sujet  JLC  au  cours  d'un 
mouvement  d'el4vation  du  bras  3  jours  avant  le  vol  (-3),  le  24 
jour  (2)  et  le  34  jour  du  vol  (3). 
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L'influence  de  la  situation  visuelle  du  sujet  (vision  normale  VN,  vision 
tubulaire  VT,  vision  occultee  VO)  sur  la  position  initiale  et  pendant 
l'elevation  du  bras  est  illustree  sur  la  figure  6.  Avant  le  vol  la  situation 
VT  provoque  une  augmentation  de  l'inclinaison  du  corps  vers  l'avant  d'environ 
2  degree  par  rapport  a  la  situation  VN.  Cette  augmentation  est  identique 
lorsque  le  sujet  passe  de  la  situation  VT  a  VO  (+2  degres).  Le  2e  jour  du  vol 
nous  avons  vu  que  l'inclinaison  initiale  du  corps  etait  tres  prononcee  vers 
l'avant.  II  est  cependant  int4ressant  de  noter  que  les  situations  VT  et  VO 
accentuent  encore  cette  inclinaison  dans  les  raemes  proportion’s  que  celles 
enregistrees  avant  le  vol  (de  2  a  3  degres).  Le  3e  jour  du  vol  la  position 
initiale  du  sujet  en  VN  est  sensiblement  perpendiculaire  a  la  plateforme  ;  la 
situation  VT  entraine  une  augmentation  de  l'inclinaison  generale  du  corps  de  6 
degres  vers  l'avant  ;  la  situation  VO  induit  une  inclinaison  du  corps  vers 
l'avant  de  12  degres  environ. 

Les  deplacements  de  la  tete,  de  la  hanche  et  de  la  cheville  pendant  le 
mouvement  du  bras  montrent  peu  de  differences  entre  toutes  les  conditions 
experimentales.  Cependant,  on  peut  noter  que  les  deplacements  de  la  tete  sont 
les  plus  importants  en  apesanteur  lorsque  le  sujet  est  place  en  situation  VN. 


t)  sujet  VD  :  l'analyse  des  donnees  cineraatrographiques  montre  que  le 
sujet  VD  a  une  posture  differente  de  celle  du  sujet  JLC  en  apesanteur.  En  ‘v 

effet  la  posture  du  sujet  VD  est  caracterisee  par  une  position  semi-flechie  de 
l'ensemble  des  articulations.  L'axe  general  du  corps  est  legerement  incline  ‘.V 

vers  l'arriere.  LV 
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Figure  6  i  Reconstitution  de  la  posture  initiale  et  des 
trajectoires  de  la  t6te,  de  la  hanche  et  de  la  cheville  du  sujet 
JT.C  en  situation  de  vision  normals  (NV) ,  de  vision  tubulaire  (TV) 
et  de  vision  occult4e  (VO)  :  3  jours  avant  (-3),  le  24  jour  (2)  et 
le  34  jour  du  vol  (3). 


DISCUSSION 

Le  paradigms  experimental  utilis4  dans  cette  experience  permet  d'4valuer 
1’ importance  fonctionnelle  des  interactions  entre  les  systemes  sensoriels  et 
moteurs  impliques  dans  le  controle  postural.  Les  r4sultats  observes  mettent  en 
evidence  des  modifications  de  la  posture  du  sujet  JLC  au  debut  du  vol  spatial. 
Ces  modifications  se  traduisent  par  une  forte  inclinaison  vers  l'avant  et  par 
la  redistribution  de  l'activite  electromyographique  des  muscles  fiechisseurs 
et  extenseurs  da  la  cheville.  Plusieurs  arguments  nous  empechent  d'attribuer 
ces  resultats  4  une  desor ientation  du  sujet  s  la  position  des  differents 
segments  corporels  entre  eux,  l'effet  des  differentes  situations  visuelles  et 
l'amplltude  du  d4placement  de  la  cheville  pendant  le  mouvement  du  bras  sont 
identiques  a  ceux  observes  en  situation  de  gravity  terrestre  (Gouny  et  al. 
1977).  De  plus,  la  reproductibilite  de  cette  inclinnison  au  cours  de  tous  les 
essais  de  chaque  segment  experimental  effectue  le  2e  jour  va  k  i'encontre 
d'une  telle  interpretation. 

Le  3e  jour  du  vol,  on  constate  que  le  sujet  JLC  a  une  posture  sensiblement 
identique  4  celle  observae  au  sol,  uniquement  dans  la  situation  de  vision 
normale.  L' integral! t4  des  r4cepteurs  visuels  est  done  necessaire  pour  la 
recuperation  complete  de  cette  posture  le  3e  jour  du  vol.  Ces  resultats 
soulignent  l'influence  des  recepteurs  visuels  dans  la  recalibration  des 
systemes  sensoriels  affectes  par  la  situation  d'apesanteur. 

La  redistribution  des  activites  toniques  entre  muscles  fiechisseurs  et 
extenseurs  de  la  cheville  pourrait  s' interpreter  par  un  processus  lie  a  une 
deaf ferentation  otolithique.  En  erfet,  la  deaf ferentation  des  otolithes 
provoquerait  la  defacilitation  de  l'activite  des  muscles  antigravitaires 
(extenseurs) (Jeannerod,  1981).  Cependant,  en  considerant  les  contraintes 
mecaniques  mises  en  jeu  par  l'apesanteur,  cette  redistribution  de  l'activite 
tonique  entre  flechisseur  et  extens^ur  pourrait  s'expliquer  dif feremment.  En 
effet,  dans  cette  situation,  la  position  erigee  exige  une  activite  tonique  des 
muscles  extenseurs  (Bogdanov  et  al.  1970).  Dans  notre  situation  experimental 
ou  le  sujet  a  les  pieds  fixes  a  un  support,  les  forces  elastiques  du  muscle 
extenseur  de  la  cheville  entrainent  une  inclinaison  passive  du  corps  vers 
l'arriere.  L'activation  du  Tibialis  (le  muscle  flechisseur  de  la  cheville)  est 
done  necessaire  pour  ramener  et  maintenir  le  corps  vers  l'avant.  Cette 
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dernlkr*  Interpretation  eaten  accord  avec  nos  resuitats  qui  montrant  qua 
l'activite  tonique  du  Tibialis  est  la  plua  Important*  la  2a  jour  du  vol 
lorsqua  la  sujat  est  fortement  incline  vers  l'avant.  En  apasantaur,  la  sujat 
VD  adopta  una  posture  qui,  compare*  k  calla  observe*  au  sol,  presents  una 
legkr*  incllnalson  vers  l'arrtera  at  una  fermetur*  plus  important*  da  I'angle 
du  qanou.  Catta  position  ne  ndcessite  pss  la  alse  an  jau  d'une  activite 
musculalr*  iaportanta  das  fldchissaurs  at  astansaurs  da  la  cheville.  Catta 
position  semi-fiechi*  tr*s  dconoaiqua  sur  la  plan  dnargetiqua,  ast  la  mieux 
adaptda  k  l'apasantaur  (Bogdanov  at  al.  1970,  Thornton  ct  Runnel  1977). 

La  transtart  das  progranaas  acteurs,  at  notaament  da  la  d4sactivation 
anticipee  du  muscle  qui  axarce  la  tonction  da  support  du  corps  (las  extenseurs 
an  gravite  normals,  las  fldchlsseurs  an  apasantaur)  tiraoign*  d'une  adaptation 
rapids  da  cas  progranaas  8  la  situation  d'apasantaur  qui  raieva  d'un 
"processus  operatolre".  La  question  rests  poada  da  savoir  si  catta  breve 
deeact lvation  a  at factivaaant  un  rflla  dans  la  stabilisation  poturala  ou  si 
alia  a  un  rdle  plutdt  informationnal  qua  tonctionnal.  Una  adaptation  a  plus 
long  tarns  ast  nisa  an  evidence  8  la  fin  du  vol  par  la  dlaparition  ds 
l'activite  anticipatrica  du  Biceps,  at  par  la  presence  C*  bouffdes  d'activitea 
phasiquea  presantas  pour  tous  las  muscles  4tudie*.  Cas  rdsultats  suggkrent  un* 
adaptation  lento  k  la  situation  d'apasantaur  par  la  disparitlon  das  programmes 
ndcessitant  trop  d'enargi*  at  davanus  inutiles  dans  catta  nouvelle  situation. 
Cas  donndes  mettant  an  evidence  l'oxistenca  da  processus  consarvatifs. 
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En  apasantaur,  l'inlinaison  vers  l'avant  du  sujat  JLC  temoignerait  da  la 
parsistanca  d'une  attitude  posturala  terrestre  qui  amen*  1*  centra  da  gravite 
du  corps  vara  l'avant  pour  assurer  un»  meilleure  stabilite.  La  posture  du 
sujat  VD  est  comparable  8  call*  observe*  au  sol.  Las  deplacamants  das 
different*  segments  corporals  au  cours  du  mouvement  du  bras  sont  pau  modifies 
par  l'apesanteur.  Da  plua,  contrairement  aux  resuitats  obtenus  chat  un  sujat 
fixd  h  un  support,  pour  laqual  on  obsarve  un*  disparitlon  rapid*  at  total* 
das  programmes  moteurs  posturaux,  on  ratrouve  On  apasantaur  das  modifications 
d'actlvite  emg  au  cours  du  mouvement  du  bras,  parfaitement  structures.  Cas 
programmes  moteurs  sont  trks  reproductible*  d'un  assai  4  l'autr*  at  d'un 
segment  experimental  a  l'autre. 

L'ensemble  de  ces  resuitats  suggkre  qu'en  apasantaur  1*  system*  qui 
controls  la  posture  et  les  mouvements  utillserait  un  schema  corporal  £labore 
en  situation  de  gravite  terrestre  pour  adapter  sea  strategies  raotrlces  4  ce 
nouvel  environnement  (Gurfinkel  et  al.  1979).  Selon  l'hypothese  du  schema 
corporal,  la  modification  du  point  de  fonctionnement  den  recepteurs  impliques 
dans  le  controls  postural  n'entralnerait  pas  de  modifications  notables  des 
ajustements  posturaux  en  situation  d'apesanteur.  Ce  concept  nous  amkne  a 
dlscuter  de.  la  possibility  d'une  d£af f erentation  NON  fonctionnelle  des 
recepteurs  sensoriels.  En  effet,  si  l'on  adraet  que  l'apesanteur  provoque  une 
d£aff erentation  des  recepteurs  otolithiques,  ou  modifie  les  informations 
afferentes  des  recepteurs  tactiles  ou  musculalres  du  fait  de  la  reduction  de 
la  masse  et  du  volume  des  muscles,  on  constate  cependant  que  les  consequences 
de  ces  modifications  sont  peu  importantes  sur  la  posture.  Par  exemple,  nos 
resuitats  montrent  que  la  diminution  de  l'activite  rv.  ilexe  lors  de  l'ouverture 
de  la  cheville  (reflexe  d'etirement)  ne  s'accompagne  pas  de  perturbation 
posturala  plus  important*.  En  outre,  l'occultation  de  la  vision  en  apesanteur 
(VO),  qui  represents  la  situation  extreme,  n'induit  pas  de  modifications 
posturales  fondamentalement  differentes  de  celles  observees  en  situation  de 
gravite  terrestre  en  ce  qui  Concerne  la  position  des  segments , corporals  entre 
eux. 
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An  experiment  to  compare  weight  and  mm  discrimination  was  conduct  ad  using  S  of  tha  craw 
of  *18-9  (Specs  lab  1)  as  subjects.  Thresholds  for  aaaa  dlscriaination  undar  aicrogravity  in 
flight  wars  found  to  ba  higher  by  a  factor  of  about  1.8  than  for  waight  dlscriaination  be  fora 
the  flight,  and  there  was  no  aonsiatant  isprovssant  throughout  tha  10  day  al salon.  This 
suggests  that  inertial  cuss  to  aaas  (gained  through  accelerating  objects)  are  not  as  affective 
as  wel^it  cuss.  The  crew  showed  an  aftereffect  for  two  or  three  days  on  return  to  Earth,  whan 
their  bodies  felt  heavy  and  their  weight  discrimination  was  impaired.  Ihis  suggests  that  som 
adaptation  to  weightlessness  occurred  during  the  flight,  probably  early  in  the  alas  ion  before 
the  sajority  of  the  mm  dlscriaination  teats  were  conducted. 


Whan  aceparing  tha  weights  of  objects,  it  is  normal  to  pick  thaw  up  and  ’jiggle*  then,  this 
Method  yields  lower  dlscriaination  thraaholds  than  doss  static  pressure  (1).  Tha  improvement  ia 
partly  .due  to  tha  involvasant  of  tha  kinaasthetic  senses  in  addition  to  tha  pressure  receptors  (2). 
It  nay  also  be  due  to  the  availability  of  Inertial  cuss  to  muss,  sensed  through  the  force  required  to 
accelerate  the  objects  (3).  In  a  1-0  anvironasnt  it  is  difficult  to  distinguish  between  the 
contributions  of  weight  and  nass  to  what  is  usually  called  "weight-discrimination" .  In  a  0-0 
environment  weight  cues  are  effectively  absent,  and  the  dlscriaination  can  only  be  aada  by 
accelerating  the  objects  and  using  inertial  cuss.  An  experiment  was  therefore  conducted  to  ocspare 
thresholds  far  the  aaas  test,  whan  performed  on  the  ground  and  undar  weightless  conditions  in 
Spec-slab. 

The  apparatus  consisted  of  a  box  containing  24  wei^ited  balls  and  a  sat  of  record  cards  (Pig. 
1).  It  is  described  in  greater  detail  elsewhere  (4).  The  balls  had  a  diameter  of  30  m  and  varied 
in  mass  free  50-64  g  in  2  g  steps,  with  several  duplicates.  They  ware  fabricated  fraa  lead  and  epoxy 
resin,  the  lead  being  in  the  fora  of  a  spherical  shell,  the  diameter  and  thickness  of  whidt  was 
formulated  to  yield  balls  triiich  all  had  a  measured  polar  moment  of  inertia  of  4.0  to  4.1  x  1CT6 
kga2  irrespective,  of  their  mass.  (We  have  found  the  Weber  fraction  for  the  discrimination  of  polar 
sosents  of  inertia  to  be  at  least  0.70  for  cylinders  of  oosparable  mass  and  polar  moaent  of  inertia 
to  the  test  spheres).  The  balls  were  stored  in  holes  in  the  box  under  retaining  straps,  and  were 
labelled  with  letters.  Tha  box  also  contained  record  cards,  listing  72  pairs  of  letters.  The  lists 
ccnprised  18  repetitions  of  2,  4,  6  and  8  g  pair  intervals,  with  the  heavier  nass  equally  often  first 
or  second,  in  randcxa  order.  No  letter  combinations  were  repeated.  Ftar  each  test  session  the  subject 
opened  the  box  and  fastened  it  to  a  worktop.  Using  his  left  hand,  he  picked  out  the  first  bell  on 
the  list  fraa  its  hole,  shook  it  anl  replaced  it.  He  then  did  the  saae  for  the  second  ball  of  the 
pair.  He  decided  which  felt  heavier,  and  narked  the  corresponding  letter  on  the  list,  using  his 
right  hard.  All  subjects  were  right  handed.  The  subject  repeated  this  for  all  72  pairs,  then  posted 
the  oratpleted  record  card  in  a  slot  in  the  box.  The  test  lasted  about  12  nin  on  the  ground  an]  17 
ain  in  space. 

Two  Payload  Specialist*  and  two  Mission  Specialists  were  thoroughly  trained  to  perform  the 
test.  Baseline  data  were  then  collected  on  4  occasions  between  5  months  and  3  days  be  for o  the 
flight.  The  Pilot  was  also  tested  at  one  month  and  3  days  before  the  flight.  During  the  flight 
performances  were  jiade  by  these  crew  on  2-5  occasions  each.  The  earliest  was  at  8  hours  after 
liftoff,  and  the  last  were  on  the  tenth  flight  day.  Poet  flight  data  were  collected  at  the  Baseline 
Data  Collection  Facility  5  hours  after  landing  for  one  Payload  Specialist,  and  for  all  4  Space  lab 
crew  on  1,  2  and  4  days  after  return.  The  Pilot  was  retested  in  London  2  months  later. 

The  mean  number  of  prefli^t  errors  was  18.0  (25%),  and  in  flight  24.7  (  33%).  All  subjects  gave 
more  errors  in  flight  (p  »  0.031,  sign  test,  1  tail).  Errors  were  also  high  after  the  flight  (mean 
23.0  on  R+l) ,  but  returned  to  baseline  level  by  R+4.  There  were,  however,  no  systentic  changes  with 
time  in  error  rates  of  the  tests  performed  before  flight  or  during  flight.  There  was  considerable 
variation  in  error  rates  between  subjects,  those  with  vigorous  shaking  techniques  giving  fewer  errors 
(particularly  the  Pilot,  who  also  used  his  right  hand  for  both  preflight  and  inflight  tests).  Group 
Differential  Thresholds  (ELs)  (75%  correct  level)  were  derived  frcji  preflight  and  inflight  data,  by 
calculating  the  percentage  of  correct  judgements  for  each  step  interval  and  subject,  and  weighting 
all  5  subjects  equally.  The  percentages  were  converted  to  z  scores,  and  a  straight  line  fitted 
through  the  origin  (5)  (Fig.  2).  There  were  insufficient  data  to  derive  reliable  Qm  for  each 


A  Payload  Specialist  taata  himself  using 
tha  mass-discrimination  apparatua. 
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Pig  2.  Mass-discrimination  thraaholda  under  1-G 
pra-fllght  and  0-C  la  flight. 


All  subjects  showed  poorer  performance  under  O-G,  by  an  average  factor  of  1.04.  Thla  appaara  to 
be  leaa  than  tha  factor  of  2.15  found  during  brief  perioda  of  O-G  (<  25  sac)  in  parabolic  flight  (6), 
though  there  were  too  few  data  to  CoWare  the  reaulta  statistically.  The  difference  cay  be  due  to 

itiona  in  the  aicrogravity  level  in  the  KC-135  aircraft,  or  to  the  brief  tiae  available  for 
ion  to  losa  of  arm  weight.  Sidden  changee  in  an  wei^it  are  know  to  i^air 
diacrimination,  but  tha  effect  ia  reduced  if  tine  ia  allowed  for  adaptation  (7).  However, 
i nation  regained  impaired  even  after  9  day*  in  orbit,  then  adaptation  should  have  bean  ccagalet*. 

eo  far  aa  the  sense  of  heavineae  is  related  to  force,  objects  judged  through  inertial  aess 
hould  feel  like  very  light  weights.  Indeed  objects  were  judged  to  be  about  half  their  weight 
the  O-G  phase  of  parabolic  flight  (6),  but  there  mbs  also  a  tendency  to  "case -constancy"  despite 
in  the  force  enviioment  (7).  The  Weber  fraction  is  roughly  constant  for  the  middle  range  of 
,  but  increases  for  wei^its  below  50  g  (8).  Boor  discrimination  urrier  0-G  nay  therefore  be  an 
t  of  the  low  range  of  masses  used.  Higher  masses  might  yield  equal  me  under  1-G  and  O-G, 
simulations  with  air-bearing  tables  and  horizontal  ara  movements  suggest  that  this  nay  not  be  so 

suits  fresi  poet  flight  tests  an  four  of  the  crew  suggest  that  the  state  of  adaptation  is  also  an 
Important  variable.  The  crew  reported  feeling  heavy,  and  they  also  Buffered  from  other  postural 
aftereffects  (10,  11)  for  a  few  days  after  return  to  Earth.  Their  wei ght  Eta  were  also  raised,  but 
returned  to  baseline  within  three  or  four  days.  This  poor  discrimination  may  have  been  due  to 
tiredness.  However,  the  aftereffect  was  exactly  that  predicted  fresi  experiments  on  adaptation  to  arm 
buoyancy  in  water  (7),  as  well  as  from  the  reported  feelings  of  heaviness  of  the  crew  and  other 
astronauts  on  landing  (6).  It  is  possible  that  this  was  a  genuine  phenomenon,  mirroring  seen 
adaptation  to  weightlessness  that  occurred  during  the  first  day  or  two  of  spaceflight  before  the 
majority  of  the  mass-discrimination  tests  were  undertaken. 
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SUMMARY 

Echocardiographic  measurements  ware  taken  on  members  of  four  Spaca  Shuttle  missions 
before  (F-10  to  P-12)  and  twice  after  (L+O  and  L+7  to  14  days)  7-  to  9-day  spaca  flight 
missions.  Such  recordings  allowed  for  determination  of  lefc  ventricular  chamber  dimen¬ 
sions  and  subsequent  calculations  of  left  ventricular  volume  and  stroke  volume.  Resting 
ventricular  volume  could  be  shown  to  significantly  decrease  23%  ( p< . 0 1 )  on  L+0  (N»7)  and 
to  be  associated  with  a  significant  28%  decrease  (p<.01)  in  stroke  volume.  Studies  7  to 
14  days  later  (N-17)  showed  amelioration  of  effects,  but  persistence  of  end-diastolic 
volume  change  (11%  decrease,  p<.01).  Such  findings  occurred  despite  ability  to  fully 
•mbulata  and  exercise  during  the  post-flight  period.  Comparison  of  findings  with  bed 
rested  subjects  (athletic  and  non-athletic)  showed  similar  changes,  but  changes  after 
bed  rest  were  of  smaller  magnitude  compared  to  the  flight  crews.  It  is  concluded  that 
space  flight  induces  significant  changes  in  heart  volume  even  after  short  duration  (7-9 
days)  missions.  Heavy  athletic  conditioning  pre-flight  may  contribute  to  the  severity 
of  the  observed  t.ianges  in  the  flight  crews  and  to  the  apparent  slow  post-flight  process 
of  recovery.  This  will  need  to  be  followed  closely  in  subsequent  studies. 


INTRODUCTION 

The  Soviet  and  American  .pace  programs  have  demonstrated  that  exposure  to  weight¬ 
lessness,  even  for  short  pt  ids,  induces  significant  changes  in  the  cardiovascular 
system  (1).  A  loss  of  adaptwe  capacity  (deconditioning)  can  be  shown  to  occur  during 
flight  with  provocative  testing  and  becomes  clearly  apparent  and  troublesome  with  return 
to  earth.  Findings  have  included  the  presence  of  tachycardia  and  narrowed  pulse  pres¬ 
sure  and  the  inability  to  adequately  control  blood  pressure  when  in  the  vertical  posi¬ 
tion  (2-6).  If  an  upright  body  position  is  allowed  to  continue  in  the  early  post-flight 
period,  presyncope  and  even  frank  fainting  have  occurred  in  certain  crew  members  (1,2,7). 
Much  of  this  has  been  attributed  to  a  loss  of  intravascular  volume,  leading  to  a  de¬ 
crease  in  heart  size.  Such  changes  are  thought  to  be  physiological  consequences  initi¬ 
ated  by  the  headward  shift  in  body  fluids  occurring  during  flight.  During  the  present 
studies,  echocardiographic  measurements  of  left  ventricular  volume  were  obtained  before 
and  after  flight  in  selected  Shuttle  crew  members  to  gain  insight  into  the  magnitude  of 
these  changes  following  7-  to  9-day  flights  and  to  document  the  time  course  of  the  reco¬ 
very  process. 

BACKGROUND 

Since  the  first  manned  space  flight  in  1961,  the  United  States  has  successfully  com¬ 
pleted  40  manned  missions  and  the  Soviet  Union  60.  The  two  programs  have  launched  more 
than  140  individuals  (3  women)  into  orbit,  some  as  many  as  five  times.  Space  flights 
have  lengthened  from  the  one  hour  and  48  minutes  of  Gagarin's  initial  flight  to  the  more 
recent  record  Soviet  stay  of  211  days  in  December  1982.  Cardiovascular  changer  have 
been  regularly  observed  both  during  and  after  all  flignts  (1-7). 

Figure  1  presents  a  schematic  summary  of  observed  in-flight  cardiovascular  changes 
during  the  early  period  (24  to  48  hours)  of  weightlessness.  Principle  events  include  a 
redistribution  of  body  fluids,  associated  neurohumoral  steps  to  adapt  to  the  redistribu¬ 
tion  and  eventual  loss  of  apparent  perceived  excess  intravascular  volume  leaving  the 
body  more  prone  to  orthostatic  stress.  The  triggering  mechanism  is  the  loss  of  body 
weight  during  exposure  to  zero  gravity.  Under  such  conditions  hydrostatic  pressure  is 
eliminated  and  fluids  that  would  normally  reside  in  the  lower  parts  of  the  body  are  dis¬ 
placed  to  the  upper  regions.  During  this  early  period  head  fullness  is  sensed  and 
facial  edema  appears.  These  changes  have  been  consistently  reported  by  all  cosmonauts 
and  astronauts  and  persist  regardless  of  flight  duration  (5).  From  in-flight  measure¬ 
ments  of  leg  girth  it  is  estimated  that  1,000  to  1,I>00  ml  of  fluid  shift  to  the  upper 
body,  compared  with  a  600  to  700  ml  shift  when  changing  from  the  standing  to  thu  lying 
position  while  on  earth.  This  snift  is  believed  to  cause  the  observed  increase  in  jugu¬ 
lar  venous  pressure  (central  venous  pressure  has  not  yet  been  directly  measured)  and 
lead  to  the  orthostatic  intolerance  and  cardiovascular  deconditioning  that  is  regularly 
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FIGURE  1  Schematic  representation  of  changes  associated  with  early  period  of 
weightlessness  (24-48  hoars) . 
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activity,  loss  of  bon*  and  muscle  mass  and  altered  neurohumoral  raaponaaa.  Poat-f light 
*  decrease  In  heart  ait*  has  b**n  found  by  X-ray  or  ultrasound  (8,9). 

Cardiovascular  dacondltlonlng  has  bon  regultrly  obssrvsd  aftsr  spac*  flight  expo- 
suras,  manifested  mainly  as  depressed  exercise  capacity  and  orthostatic  Intolerance.  In 
the  Skylab  missions,  lower-body  negative  pressure  (LBNP)  testing  was  undertaken  during 
flight  for  the  first  time  and  provided  greater  cardiovascular  stress  during  weightless¬ 
ness  than  before  flight.  In  Skylab  4  such  responses  became  less  sever*  after  30  to  50 
days  of  flight  (4).  Curing  re-entry  all  Skylab  crewxien  wore  G-sults  which  were  designed 
to  provide  counterpressur*  to  the  lower  extremities  to  reduce  postural  hypotension  after 
landing  and  while  standing  at  1-G.  Although  the  suits  produced  a  decrease  in  heart  rat* 
and  maintained  blood  pressure  at  or  near  supine  levels  during  standing,  the  SFT  of 
Skylab  2  nonetheless  experienced  postural  hypotension.  Similar  findings  have  occurred 
after  Shuttle  flights  (7).  These  latter  observations  occurred  despite  the  us*  of 
ingested  water-salt  supplements  prior  to  re-entry. 

Since  the  Skylab  missions,  Soviet  investigators  have  undertaken  and  completed  a 
series  of  six  consecutive  flights  of  considerably  longer  duration,  remaining  in  orbit 
for  periods  from  96  to  211  days.  At  the  time  of  writing  this  report,  the  Russians  have 
a  three-man  crew  that  has  been  in  orbit  for  190  days  and  may  well  exceed  their  previous 
space  endurance  record  of  211  days  set  in  December  1982.  Figure  3  summarises  echocar- 
diographic  findings  of  left  ventricular  end-diastolic  volume  obtained  from  Soviet  crews 
following  flights  of  96  to  175  days  (10). ,  All  subjects,  as  shown,  had  flight-induced 
changes  in  volume.  Decreases  ranged  from  12  to  65  ml,  representing  falls  of  8  to  50t 
from  resting  values.  Similar  findings,  but  of  lesser  magnitude,  were  reported  after  the 
84-day  Skylab  flight  (9).  Measurements  in  previous  shorter  US  or  USSR  flights  have 
either  not  been  taken,  or  reported  to  date.  All  crews  have  been  able  to  perform  in¬ 
flight  tasks  without  evidence  of  limitations  from  cardiovascular  deconditioning.  Of 
interest  are  recent  findings  of  echocardlographlc  studies  performed  during  flight  by 
French  cosmonaut,  Jean  Paul  Chretien  (11).  Figure  4  illustrates  reported  changes  in 
left  ventricular  and  left  atrial  size  measured  by  echocardiography  during  a  7-day  mis¬ 
sion.  Chamber  dimensions  changed  little  during  the  first  2  days  of  flight,  peaked  by 
Day  4  and  then  returned  to  baseline  just  prior  to  re-entry.  These  findings  suggest  that 
in-flight  heart  size  changes  occur  rapidly,  with  heart  volume  returning  to  baseline 
levels  by  the  first  week.  Post-flight  changes  and  orthostatic  tolerance  for  this  sub¬ 
ject  have  nut  yet  been  made  available  in  the  open  literature. 

To  avoid  deconditioning  during  long-term  flights,  all  Soviet  crewmen  wear  "Penguin" 
constant-load  suits  during  waking  hours  which  contain  elastic  cords  attached  to  the  arms 
and  legs  in  order  to  supply  an  "earth-like*  resistance  to  motion.  Countermeasures  prior 
to  flight  Include  intensive  physical  training  and  one  week  of  sleeping  in  a  head-down 
1-6"  to  -12")  position.  During  flight,  extensive  bicycle  or  treadmill  exercises  are 
used  (up  to  2  to  2.5  hours  daily),  incremental  LBNP  for  5  to  7  days  before  re-entry  and 
Ingestion  of  water-salt  additives  just  prior  to  re-entry.  These  countermeasures  have 
provided  subjective  improvements  in  state  of  well-being,  decreases  in  weight  loss  and 
improved  performance  during  exercise  testing.  They  have  not  been  entirely  Successful 
since  the  cosmonauts  continue  to  show  significant  decreases  in  heart  volume  post-flight, 
as  shown  in  Figure  3,  and  to  experience  significant  post-flight  cardiovascular  decon¬ 
ditioning  as  judged  by  heart  rate  response  to  a  5-minute  passive  stand  test  (75"  back 
angle).  For  the  crews  participating  in  the  75-,  96-,  140- ,  175- ,  and  185-day  flights, 
pre-flight  heart  rates  during  such  tests  ranged  from  48  to  60  beats/min  at  rest, 
increasing  to  60  to  72  beats/min  on  standing;  after  flight  resting  heart  rates  ranged 
from.  60  to  87  beats/min  and  increased  to  90  to  128  beats/min  on  standing.  The  largest 
post-flight  orthostatic  change  occurred  for  V.  Ryumin  after  his  historic  185-day  flight; 
he  had  completed  the  previous  175-day  flight  as  well  with  a  6-month  break  between 
missions.  None  of  the  Soviet  crewmen  experienced  frank  syncope,  but  tests  were  limited 
to  5  minutes  or  less.  An  unknown  variable  is  the  magnitude  of  change  in  heart  rate  that 
would  have  occurred  if  no  countermeasures  had  been  used.  Similar  findings  have  occurred 
for  Shutt’e  crews  (7). 

MATERIALS  AND  METHODS 

Data  were  collected  on  changes  in  cardiac  size  and  function  for  four  Shuttle  crews. 
Paired  t-test  values  were  compared  for  echo  ultrasound  measurements  obtained  10  to  12 
days  pre-flight  (P-10  to  P-12),  immediately  after  landing  (L+0)  and  then  at  7  to  14  days 
post-flight  (rec).  Due  to  operational  constraints  only  seven  crew  members  could  be 
studied  immediately  after  flight,  while  17  subjects  could  be  measured  in  the  t  to  14-day 
recovery  period.  Resting  two-dimensional  echos  were  obtained  using  a  portable  ADR  4000S 
ultrasonoscope  which  allowed  for  video  tape  recording  of  data  for  subsequent  analysis. 
Recordings  were  made  of  each  crew  member  during  the  5-minute  supine  control  period  imme¬ 
diately  preceding  a  5-minute  stand  test,  used  as  a  standard  medical  test  procedure. 
Standard  parasternal  long  axis,  short  axis,  and  apical  4-chamber  views  were  obtained 
with  crew  members  in  the  left  lateral  decubitus  position.  Data  were  transferred  to  a 
Sony  video  disc  recorder  (SVM-1010,  Video  Motion  Analyzer)  for  computer  data  processing. 
The  use  of  a  time  base  corrector  (to  correct  disc  time  base  errors)  and  a  video  mixer 
allowed  superposition  of  the  output  from  the  computer  character  generator  on  the  video 
image.  This  facilitated  the  use  of  a  video-caliper  (Step  Engineering  and  Hewlett 
Packard  HP  77020-AC,  HP-77020-A  Video  Analysis  Systems)  to  estimate  endocardial  end- 
diastolic  and  end-systolic  ventricular  diameters  directly  from  the  display  video  sector 
images.  Maximal  and  minimal  diameters  were  used  to  designate  end-diastole  and  end- 
systole.  Derived  diameters  (D)  of  the  outline  were  stored  in  the  computer  for  volume 
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FIGURE  3 


FIGURE 
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Echocardiographic  changes  of  left  ventricular  end-diastolic  volume  in  Soviet 
crews  before  (open  bars)  and  immediately  after  (scored  bars)  long-term  space 
flight.  Heart  rate  changes  at  the  time  of  measurement  are  given  below  each 
bar  graph,  duration  of  flight  given  beneath  each  bracket,  and  consisted  of 
96,  140,  and  175  days. 


INFLIGHT  ECHO  DATA  FROM  FRENCH 
COSMONAUT  CHRETIEN- 
SALYUT  VII  1982 


Inflight  echo  data  from  French  cosmonaut  Chretien  —  Salyut  VII  1982.  Data 
taken  from  Reference  #11. 
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IV)  was  calculated  aai 

v  *  ^T.Vt)  °  (l) 

Tbla  approach  aaauaas  tha  vantrlcla  to  ba  alllpaold.  Plva  to  ala  beats  from  each  record* 
lng  vara  analysed  and  tha  average  and-dlaatolic  voluae  (EDV)  and  ond-systollc  volume 
(ESV)  calculated.  Left  ventricular  stroke  voluae  (SV)  was  derived  ast 

*V  ■  EDV  -  E8V  (2) 

Cardiac  output  (CO)  was  derived  ast 

CO  •  SV  X  HR  (3) 

All  values  were  converted  to  Indices  by  dividing  by  body  surface  area  in  order  to  nor¬ 
malise  for  difference  in  body  sise.  An  ejection  fraction  (EP)  was  derived  froa  the 
relationship! 

BP  -  SV/EDV  (4) 

Sternal  ECG's  and  blood  pressure  (cuff  and  aicrophone)  were  simultaneously  recorded  with 
the  echos. 

RESULTS 


The  seven  crewmen  studied  at  L+0  when  compared  to  pre-flight  state  evidenced  increases 
in  resting  heart  rate  (HR)  of  16  bps  (30.54,  p<.05)  changing  from  52  +  1  to  68  ♦  4  bpm, 
and  increases  in  mean  aterlal  pressure  (MAP)  from  74  +  2  to  82  +  2  amHg  (124,~p<.01j. 
End-diastolic  volume  index  (EOVI)  fell  17  al/M2  (234,  pc. 01)  from  "73  +  4  to  56  +  5  al/M2. 
The  magnitude  (percentage)  of  changes  in  EDVI  are  shown  in  Figure  S’.  Similar  changes 
also  occurred  for  derived  stroke  voluae  index  (SVI),  which  decreased  15  ml  (284,  pc. 05) 
from  52' +  4  to  37  +  5  ml/M2.  Changes  in  SVI  were  almost  entirely  due  to  the  decreases 
in  EDVI , ~fesvi  showing  almost  no  differences.  Due  to  the  almost  similar  decreases  in  SVI 
and  EDVI,  EP  tended  to  increase,  but  the  changes  were  not  significant.  Cardiac  index 
(Cl,  L/M2)  failed  to  show  significant  change  (2.7  +  0.2  vs  2.4  +.  2  L/M2,  NS). 

The  17  subjects  studied  7  to  14  days  poet-flight  showed  amelioration  of  most  changes 
Induced  by  space  flight  exposure.  Most  parameters  now  showed  small  and  insignificant 
changes  compared  to  pre-flight  levels.  Heart  rate  was  slightly  increased  from  preflight 
values  (56  +  2  vs  60  +  1  bpm,  NS),  MAP  was  still  slightly  elevated  (74  +  1  vs  75  +  2 
mmHg,  NS),  Cl  slightly  elevated  (2.6  ♦  1  vi  2.7  +  1  L/M2,  NS)  and  SVI  a  slight  44  ‘in¬ 
crease  (48  +  2  to  46  +  2  ml/M2,  NS).  However,  EDVI,  as  shown  in  Pigure  5,  still  demon¬ 
strated  a  small,  but  significant,  7  ml/M2  loss  (114,  pc.01)  from  70  +  2  to  63  +  3  ml/M2. 


L+0  L+7TOL+14 

POSTFLIGHT  DAYS 


FIGURE  5 


End-diastolic  volume  changes  registered  immediately  after  flight  (L+0) 
and  7-14  days  later  (L+7  to  L+14).  Percentage  change  represents  difference 
after  flight  compared  to  pre-flight  level. 


DISCUSSION 

A  significant  decrease  In  EOVI  occurred  after  apace  flight.  The  range  was  similar, 
but  of  ssaller  magnitude,  to  that  seen  after  previous  longer  duration  US  and  USSR  apace 
flights.  A  finding  of  interest  in  the  present  study  was  the  persistence  of  change  at  7 
to  14  days  of  recovery.  Since  the  subjects  were  fully  ambulatory  during  the  recovery 
period,  it  would  be  expected  that  plasma  volume  loss  Induced  by  fluid  volume  shifta 
would  have  been  restored  (13).  This  was  certainly  the  case  following  the  Sky  lab  mis¬ 
sions  (14).  Plasma  volumes,  however,  were  not  determined  during  the  course  of  these 
investigations. 

Some  insight  into  the  mechanisms  of  these  changes  may  be  gaged  from  similar  findings 
following  bed  rest  simulations  of  .sightlessness  (1).  Studies  in  our  laboratories  of 
resting  left  ventricular  volume  before  and  after  2-week  periods  of  bed  rest  have  shown 
similar  changes  to  that  observed  in  the  flight  crews.  In  one  group  of  seven  athletic¬ 
ally-trained  male  subjects,  ages  19  to  25  years,  EOVI  was  initially  70+2  ml/M?  and 
decreased  to  62  +  3  ml/M?  (11*,  p<.01)  after  2  weeks  of  horixontal  bed  rest.  In  another 
group  (similarly*  aged)  of  seven  males,  who  were  non-athletic  (sedentary  college  stu¬ 
dents)  and  experienced  an  identical  2-week  bed  rest  exposure,  EDVI  changed  from  62+3 
ml/M?  to  58+  3  ml/M*  (6%,  p<.05)  (1).  Left  ventricular  volumes  in  these  cases  were 
measured  by  single  crystral  echocardiography  and  processed  in  a  manner  similar  to  that 
used  in  the  present  study.  Change  in  EDVI  for  this  study  was,  therefore,  twice  to  three 
times  greater  than  that  observed  in  these  previous  bed  rest  studies.  EDV  after  7  days 
of  recovery  for  the  non-athletic  bod  rested  subject  was  60  +  2  ml/M?  and  70  ♦  3  ml/M? 
after  3  weeks  of  ambulation  for  the  athletes,  thus  returning~to  or  towards  pre-bed  rest 
levels  so  as  to  be  statistically  Indistinguishable  from  pre-bed  rest  levels.  Changes  in 
volume  for  the  flight  crews  persisted  during  recovery  and  differed  from  that  previously 
seen  with  bed  rest.  However,  such  changes  must  be  interpreted  with  caution,  since  echo- 
cardiographic  measurements  can  produce  a  10  to  20*  measurement  error  from  subject  to 
subject  or  for  the  same  subject.  This  variation  was  minimized,  however,  by  having  the 
same  team  and  data  processing  scheme  involved  in  the  serial  measurements.  Of  note  is 
the  higher  absolute  mean  values  for  EDVI  for  the  flight  crews  and'  athletic  males 
(70  ml/M?)  as  compared  to  the  non-athletic  males  (62  ml/M?).  It  is  known  that  athletic 
conditioning  can  lead  to  both  a  significant  increase  in  intravascular  plasma  volumes,  as 
well  as  to  an  increase  in  absolute  size  (mass)  of  the  heart  (14,15).  All  members  of  the 
flight  crew  are  known  to  participate  in  an  active  physical  education  program,  including 
both  isotonic  and  isometric  exercises.  This  would  explain  the  higher  EDVl’s  recorded 
for  the  athletes  in  the  bed  rest  study  and  for  the  flight  crews.  This  heavy  athletic 
conditioning  may  also  explain  the  apparent  long  recovery  period.  Saltin  and  co-workers 
(16)  were  the  first  to  show  that  such  athletically-trained  individuals  may  have  a  more 
prolonged  period  of  recovery  following  bed  rest  exposure,  as  compared  to  sedentary  indi¬ 
viduals.  Figure  6  illustrates  data  taken  from  the  Saltin  study  showing  the  time  course 
of  recovery  of  heart  volume  in  a  group  of  three  sedentary  subjects,  as  compared  to  two 
athletic  individuals.  A  clear  difference  was  present  with  the  athletes  requiring  a  3-4 
week  post-bed  rest  period  to  regain  lost  heart  volume  and  max  VO2  capacity  in  order  to 
return  to  their  higher  pre-bed  rest  levels.  Based  on  findings  such  as  these  and  the 
observations  that  athletically  trained  subjects  are  more  prone  to  syncope  after  water 
immersion  exposure,  Klein  and  co-workers  (18)  have  raised  a  question  regarding  the  bene¬ 
fits  of  heavy  exercise  training  for  space  flight  crews. 

Further  examination  of  the  above  athletically-conditioned  subjects  during  bed  rest 
also  indicated  that  the  severity  of  the  deconditioning  process  may  not  be  manifest  soley 
by  observations  made  at  rest  as  done  in  the  present  study.  These  subjects  experienced 
not  only  a  single  bed  rest  period,  but  a  series  of  three  consecutive  2-week  horizontal 
bed  rest  exposures,  separated  by  a  3-week  ambulatory  recovery  period  between  exposures. 
Data  was  collected  at  rest  and  following  LBNP  testing.  Changes  in  left  ventricular 
volumes  were  measured  by  single  crystal  echocardiography,  as  shown  in  Figure  7.  Values 
recorded  for  each  pre-bed  rest  (control)  period  are  shown  on  the  left.  Values  after  bed 
rest  on  the  right.  Subjects  were  studied  at  rest  and  following  -20,  -30,  and  -40  mmHg 
vacuum.  The  surprising  finding  was  that  control  responses  (left  panel)  were  not  simi¬ 
lar,  indicating  that  the  subjects  had  not  returned  to  initial  pre-bed  rest  state.  In 
fact,  LBNP  response  during  the  third  pre-bed  rest  study  (left  panel)  was  almost  iden¬ 
tical  to  that  seen  after  the  first  or  second  bed  rest  period  (right  panel).  The  third 
bed  re3t  period  shows  the  greatest  changes  in  both  cases.  Results  show  that  3  weeks  of 
ambulation  was  not  sufficient  to  promote  recovery.  Time  period  for  ambulation  was 
slightly  longer  for  the  bed  rested  subjects  (3  weeks)  as  compared  to  the  flight  crews 
( 1  to  2  weeks).  Plasma  volume  levels  measured  at  these  times  (control  period)  failed  to 
indicate  the  presence  of  significant  differences  from  pre-bed  rest  levels  for  the  bed 
rest  subjects  (13).  It  is  concluded  from  such  findings  that  the  recovery  period 
following  bed  rest  and  space  flight  requires  a  longer  time  interval  than  previously 
postulated.  Evidence  for  the  presence  of  a  deconditioned  state  and  study  of  the  course 
of  recovery  will  require  other  measurements  than  those  based  on  resting  heart  rate  and 
blood  pressure  and  should  include  some  form  of  stress  testing  such  as  a  stand  test, 
LBNP,  or  exercise.  The  results  of  the  present  study  also  support  the  conclusion  that 
greater  cardiovascular  change  occurs  for  the  flight  crews  than  with  bed  rest.  Beneficial 
or  detrimental  effects  of  flight  can  only  be  gaged  after  appropriate  data  becomes 
available  in  a  greater  number  of  individuals  and  such  groups  contain  individuals  not 
participating  in  a  regular  heavy  exercise  program.  It  appears  from  the  data  to  date 
that  athletes  ..how  the  larger  changes  in  physiologic  parameters,  both  at  rest  and  on 
stress  testing. 
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FIGURE  6  Total  haart  volume  changes  occurring  after  3  weeks  of  horizontal  bed  rest  and 
tine  duration  of  recovery.  Figure  taken  from  Reference  #17. 
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FIGURE  7 


End-diastolic  volume  index  changes  at  rest  and  during  LBNP  (5-minute 
consecutive  steps  at  -20,  -30,  -40  mmHg  vacuum).  Scored  ba*-s  represent 
changes  before  and  after  first  bed  rest,  solid  bars  after  .  oond  bed  rest, 
striped  after  third  bed  rest.  Three  weeks  of  ambulation  .urred  between 
each  bed  rest  exposure. 
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KLEIN,  FRG 

Did  you  investigate  heart  contractility  in  your  stud  lea? 

AUTHOR'S  reply 

Data  from  the  echos  are  still  being  analysed.  As  judged  by  the  ejection  fraction 
as  to  iicU  volume')  contr»ctHity  decreased  on  L  ♦  0  and  recovered  by  L  ♦  7 
to  L  ♦  14. 

PSIMBNOS,  GR 

(that  you  have  shown  must  have  an  implication  on  the  astronauts'  physical  exercise 
program  and  it  sounds,  as  if  over-training  is  a  hazard  rather  than  a  benefit.  I 
remember  Neil  Armstrong  saying  *1  will  not  run*,  refusing  to  participate  in  the 
physical  training  program  of  Apollo  astronauts. 

AUTHOR'S  reply 

There  is  no  question  that  excessive  exercise  training  is  detrimental.  E.  Burchard  at 
the  end  of  my  talk  mentioned,  that  astronauts  in  Skylab  4  stopped  exercise  for  2-3 
weeks  before  flight  and  did  better  than  members  of  Skylab  2  and  3  crews.  In  bedrest, 
subjects  who  do  not  exercise  before  bedrest  have  smaller  fall  of  VO,  max  and  LBNP 
tolerance  than  athletes.  * 

BONDS- PETERSEN,  Denmark 

As  both  positive  and  negative  hydrostatic  pressure  gradients  are  abolished  in 
weightlessness  (both  above  and  below  the  heart),  the  arteriolar  and  capillary 
pressure  above  heart  level  will  increase  resulting  in  oedema  formation  in  the  face, 
while  below  the  heart  capillary  pressure  will  decrease.  The  puffy  face  might 
therefore  not  be  the  result  of  a  continued  central  venous  stasis  but  might  be  the 
result  of  an  Increased  arteriolar  pressure  which  cannot  be  handled  by  the  *low 
pressure  vascular  bed*  of  the  face  with  thin  walled  arterioles  which  will  not  adapt 
to  the  weightlessness-dependent  Increase  in  the  local  arteriolar  pressure. 
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STUDS  DU  SYSTEMS  CARDIOVASCULAIRE  EN  MICROGRAVITE  t  RESULTATS  ET  PERSPECTIVES 

L.  POURCELOT ,  J-M.  POTTIER,  T.  PATAT,  Ph.  ARBEILLE.  Laboratolr*  d«  Biophysiqus  MAdlcale, 
U.B.R.  d«  MAdeclns,  2  bis,  boulevard  TonnellA,  27032  -  TOURS  Cadsx.  Francs . 


RESUME 

Uns  Studs  du  systems  cardiovasculairs  a  At*  rAalisAs  sn  microgravitA  lors  du  vol 
commun  franco-soviAtlqus  A  bord  ds  la  station  Sallout  VIX  en  juln  1982.  Un  systems  A  ul- 
trasons  a  AtA  spAclalement  dAveloppA  pour  cstts  application  st  fonctlonne  sur  lss  modes 
Doppler,  imagerie  rapide  et  temps-mouvement.  Les  changements  do  volumes  et  de  fonetton 
cardiaques,  les  dAbits  dans  la  carotids  et  la  fAmorale,  le  temps  de  transit  de  l'onde  de 
pression,  ainsi  que  la  circulation  veineuse,  ont  AtA  AtudlAs  chez  l'astronaute  frangais 
event,  pendant  et  aprAs  le  vol.  DiffArents  tests  ont  Agalement  AtA  rAalisAs  au  sol  et  en 
vol  afln  de  tester  la  rAponse  dynamique  du  syatAme  cardiovasculairs  et  de.  comparer  les 
rAsultots  obtenus  en  apesanteur  et  au  cours  des  tests  de  simulation. 


INTRODUCTION 

Les 1 grandes  fonctions  physiologiques  de  l'organiame  humain  sont  perturbSes  par  un 
sAjour  en  microgravitA  (1),  (2).  Ces  perturbations  apparaiaaent  plus  ou  moins  prAcocAment 
aprAs  la  mise  en  apesanteur,  et  s'expriment  par  des  signes  qui  peuvent  Atre  cliniques, 
comma  le  mal  de  l'espace,  ou  qui  restent  la  plus  souvent  A  un  stade'  infraclinique ,  tout 
du  moins  pour  des  vols  de  courts  durAe.  DAs  la  mise  en  apesanteur  e'est  le  syatAme  neuro- 
sensoriel  (et  en  particulier  le  aystAme  vestibulaire)  qui  subit  la  plus  forte  perturba¬ 
tion,  alors  que  la  dlsparition  de  la  pression  hydroatatique  entrains  une  nouvelle  rApar- 
tition  de  la  masse  sanguine  dans  l'organiame.  Plus  tardivement,  la  dAsadaptation  cardio¬ 
vasculaire,  les  variations  du  volume  sanguin,  les  troubles  de  l'Aquilibre  hydrominAral 
et  du  mAtabolisme  calcique,  les  phAnomAnes  d' irradiation,  prennent  une  Importance  crois¬ 
sants,  en  1' absence  de  contra  mesure,  au  fur  et  A  mesure  que  la  durAe  du  vol  s' allonge. 

Plusieurs  Atudes  ont  AtA  rapportAea  sur  le  aystAme  cardiovasculaire  des  astronau- 
tes  (3).  La  majoritA  de  ces  travaux  ont  AtA  rAalisAs  avant  et  aprAs  le  vol,  en  raison  des 
faibles  moyens  d' investigation  non  invasive  dont  on  dispoBait  juaqu'alors.  Les  techniques 
A  ultraaons  sont  trAs  intAressantea  car  elles  permettent  des'  Avaluations  qualitative/'  et 
quantitatives  de  1 'hAmodynamique  et  de  la  fonction  cardiovasculaire.  Un  systAme  A  ultra- 
sona  spAclalement  dAveloppA  pour  les  conditions  spatiales  (expArience  Echographie)  a  AtA 
utilisA  au  cours  du  vol  commun  franco-sovlAtlque  A  bord  de  la  station  Sallout  VII  du  24 
juin  au  2  juillet  1982.  Les  Atudes  en  vol  ont  AtA  rAalisAes  sur  l'astronaute  frangals 
J-L.  CHRETIEN  avec  la  participation  dea  aatronautes  soviAtiques  DJANIBEKOV  et  IVANTCHEKOV. 

Dans  les  conditions  de  microgravitA,  1' absence  de  pression  hydroatatique  provoque 
le  dAplacement  d'une  importante  masse  de  sang  vers  la  partie  supArieure  du  corps,  et  un 
changement  dans  la  distribution  de  liquide  extracellulaire.  Ces  mAcanismes  aboutissent, 
d'une  part  A  une  augmentation  transitoire  de  la  masse  sanguine,  et  d* autre  part  A  une 
variation  importante  de  la  pression  veineuse  dans  presque  tous  les  coropartlmerits  de  1' or¬ 
ganisms.  Le  nouveau  gradient  de  pression  qui  s'Atablit  alors,  entraine  le  formation  pro¬ 
gressive  d'une  oedAme  de  la  partie  supArieure  du  corps  (face,  tronc,...),  et  peut  Atre 
Agalement  une  augmentation  de  volume  liquidien  dans  le  cerveau  et  le  poumon.  La  rtimula- 
tion  des  capteurs  centraux  peut  alors  dAclencher  le  rAflexe  de  Gauer-Henry  avec  baisse 
de  1'ADH  et  de  1'aldostArone,  rAduction  de  la  soif  et  Alimination  accrue  d'eau  et  d'Alec- 
trolytes  (4) . 

En  apesanteur,  1'actlvitA  de  l'astronaute  nAcessite  un  travail  relatlvement  faible 
des  muscles  U  action  antigravidique.  Les  changements  de  position  ne  stimulent  plus  les 
rAflexes  vasoconstrlcteurs  nAcessair.'S  au  sol  pour  contrfller  la  masse  sanguine  et  1 ’hAmo¬ 
dynamique  dans  les  membres  infArieurs.  Ces  deux  phAnomAnes  sont  essentiels  dans  le  dAcon- 
ditlonnement  cardiaque  et  vasculaire. 

OBJECTIFS 

Les  principaux  objectifs  de  1' expArience  Echographie  Atalent  les  suivants  : 

-  Atudier  lea  mAcanismes  de  rAgulation  de  1 'ensemble  de  la  fonct.ion  cardio¬ 
vasculaire  A  la  suite  du  remanlement  de  la  masse  liquidlenne  et  de  1 ' installation  d’un 
nouvoau  gradient  de  pression  ; 

-  Avaluer  le  retentissement  de  ces  rAgulations  sur  le  coeur  (dimensions,  contrac- 
tivitA,  fraction  d'Ajection)  et  les  dAbits  locaux  (cerveau,  membres)  ; 

-  tester  la  rAponse  dynamique  du  coeur  en  microgravitA  lorsqu'on  modifie  rapide- 
nent  le  gradient  de  pression  (manchettes)  ; 

-  comparer  les  rAsultats  de  vol  et  ceux  obtenus  en  sol  sur  les  mAmes  sujets  lors 
d'Apreuves  de  simulation  ; 

-  enfln,  Atudier  la  phase  de  rAadaptation  prAcoce  lors  du  retour  A  la  gravitA 
normale. 

MATERIEL  ET  METHODES 

L'appareil  A  ultrasons  spAcialement  dAveloppA  pour  1' expArience  Echographie  (figu¬ 
re  1)  a  AtA  construit  par  la  SociAtA  Matra-InterAlec  (Paris),  sous  contrat  C.N.E.S.,  A 
partir  d'un  prototype  rSalisA  au  Laboratoire  de  Biophysique  de  la  FacultA  de  MAdecine  de 
TOURS.  II  comporte  4  modes  de  fonctionnement  diffArents  qui  permette-'t  d'Atudier  la  cir¬ 
culation  superficielle,  et  de  rAaliser  des  examens  du  coeur  et  de  l'abdomen  :  (1)  Doppler 
A  Amission  continue,  4  MHz  ;  (2)  moc e  temps-mouvement  (T.M.),  3.5  MHz  ;  (3)  mode  B  temps 
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rial  4  balayag*  41actroniqu«  linCalra,  focallaatlon  dynamlqua,  3.5  MHz  i  (4)  ayatSme  du- 
plax  (tamp*  rdal  5  MHx-D»v  ..lar  continu)  pour  la  ddbltmStrla  tranacutanda.  Un  Clactrocar- 
diogramme  aat  anraglatr#  s  yat6w.>.tlquemant  avac  chaqua  mode. 

La a  aatronautaa  aont  antralnda  I  utiliaar  laa  aondaa  aur  aux-mdmaa  at  pauvent  con- 
trOlar  au  moyan  d'un  monitaur  toutaa  laa  informations  qu'lla  dtalrent  atockar  (E.C.G., 

T.M. ,  Dopplar,  images).  Daa  anraglatramanta  da  rftf*rence  ont  *t6  realists  30  joura  at  3 
joura  avant  la  vol.  Laa  meauraa  an  microgravitt  ont  ttt  effectuftes  aux  joura  2,  3,  4  at 
6  du  vol.  La  phaaa  da  recuperation  a  4tt  etudita  aux  lar  at  3a  joura  aprfea  la  ratour  au 
aol.  Un  anragiat; affiant  suppiemantaira,  aaaocld  1  un  test  d'antlorthoatatiama  da  3  joura, 
a  ttl  pratique  2  u<oi»  aprSa  la  vol  afin  da  comparer  laa  resultats  obtanua  avac  caux  du 
vol  apatlal.  Toutaa  laa  f nformationa  do  vol  ont  ttti  stocktes  aur  bandea  magndtlquea  pour 
•tre  traittes  au  retour  au  aol.  Laa  lmagaa  2D  at  le  mode  T.M.  aont  enregistrts  an  mode 
conventional.  r<es  algnaux  Doppler  aont  pr<aent6a  aur  le  moniteur  aoua  forma  da  courbea 
analoglquaa  da  la  variation  da  frequence  moyenne  dana  un  but  d'orlentatlon.  Afln  d'effec- 
tuar  una  etude  precise,  le  algnal  Doppler  audio,  enregiatrd  an  parallSle  aur  la  bande  vi- 
d4o,  aat  traltt  anaulta  par  tranaformfia  da  Fourier  raplde  (analyse  spactrala) .  II  faut 
souligner  la  bonne  qualltd  das  documents  obtenus,  consecutive  4  un  bon  fonctionnement  da 
l'dqulpamant  Echographla  at  4  l'entralnement  daa  astronautes. 

A  partir  daa  resultats  d'dchocardiographie,  lea  etudes  ont  porte  aur  lea  variar 
tiona  da  volume  daa  cavltfia  cardiaques,  las  modifications  da  la  fonction  d1 ejection  du 
vantricula  gauche  at  da  la  contractillte  du  myocarde.  Laa  principaux  paramStres  etudies 
aont  laa  aulvants  s 

-  tamps  d' ejection  simple  ET  (a)  at  corrige  CET  (a)  > 

•  volume  diastolique  LVDV  (ml)  at  systolique  LVSV  (ml)  du  ventricula  gauche  ; 

-  volume  d'6jection  SV  (ml),  fraction  d'ejection  EF  (I)  ; 

-  frequence  cardiaque  HR  (puls./mn)  j 

-  debit  cardlaq  ^  (i/mn)  j 

-  pourcentage  de  raccourcissament  du  diamStre  ventriculaire  gauche  AR  (%)  i 

-  vitessa  moyenne  de  raccourcissement  circonf6rentiel  des  fibres  myocardiques 
MVFC  (a-1)  ; 

-  debit  systolique  moyen  MSER  (ml/a) . 

Ces  etudes  portent  sur  les  examena  faits  au  repos,  ainsi  que  pendant  l'epreuve  des 
manchettes  pratiquSes  au  sol  30  et  4  jours  avant  le  vol,  les  4e  et  6e  jours  de  vol,  le 
3a  jour  de  la  periods  de  readaptation.  Le  schema  de  ce  test  est  le  suivant  :  une  contre- 
pression  est  etablie  au  niveau  des  membres  inf6rieurs  4  l 'aide  de  brassards  gonflables 
places  sur  les  cuisses,  4  la  racine  des  membres  inferieurs  ♦  40  mmHg  pendant  20  mn  i 
♦  60  mmHg  pendant  20  mn. 

Tous  les  resultats  presentes  sont  lea  moyennes  obtenues  4  partir  de  plusieurs  me- 
suraa.  La  deviation  standard'  a  6t6  calcul6e  et  un  test  de  Student  pratique.  Sur  les  cour- 
bes,  les  points  dont  la  variation  par  rapport  aux  valeurs  de  base  est  significative  avec 
P  <  0.05,  sont  notes  d'une  dtoile. 

A  partir  des  resultats  Doppler  et  de  l'imagerie  vasculaire,  differents  paramStres 
sont  accessibles  qui.  renseignent  sur  les  resistances  p6riph6riques,  les  debits,  et  la  Vi¬ 
tesse  de  propagation  de  l'onde  de  pression.  Les  principaux  paramStres  Studies  sont  le3 
suivants  j 

-  vltesse  lnstantanSe  systolique  ou  diastolique  v  :  elle  est  calculSe  4  partir  de 
la  formula  de  l'effet  Doppler  : 

AF  c 

v  -  2p  cos 9  ave0  “  variation  de  frequence  Doppler  ;  F  =  frequence  des  ultrasons  (4  MHz)  ; 
4  *c  H  0  «  angle  entre  l'axe  du  vaisseau  et  la  direction  du  faisceau 'Doppler  ; 

c  =*  ceierite  des  ultrasons  dans  le  milieu  (1540  m/s). 

-  debit  sanguln  carotldlen  ou  femoral  :  l'imagerie  vasculaire  permet  de  mesurer  le 
diamStre  d  de  1'artSre  4  l'endroit  oO  le  faisceau  Dopplor  traverse  le  vaisseau.  Par  inte¬ 
gration  de  la  courbe  de  variation  de  frequence,  on  accede  4  la  frequence  Doppler  moyenne 
A F,  puis  4  la  vitesse  moyenne  v.  Le  calcul  du  debit  Q  =  v.s  est  effectuS  en  supposant  que 
la  section  s  du  vaisseau  est  circulaire.  ce  qui  est  vrai  pour  une  artS’-e,  4  distance  des 
zones  de  bifurcation.  (La  mesure  du  debit  dans  une  veine  est  plus  compliquee  puisqu'il 
faut  connaltre  4  tout  moment  sa  section  exacte  qui  evolue  souvent  au  cours  des  cycles 
resplratolres  et  cardiaques) . 

-  index  de  resistance  circulatoire  carotldien  :  le  flux  carotidien  est  constitue 
d'un  debit  continu,  sur  lequel  se  superpose  le  debit  systolique  4  chaque  cycle  cardiaque. 
La  proportion  de  debit  systolique  dans  le  debit  total  est  d'autant  plus  importante  que  la 
resistance  circulatoire  periphirique  est  eievee.  Sur  la  courbe  de  vitesse  instantan6e  du 
flux  carotidien  on  determine  la  valeur  maximale  A  et  la  valeur.  minimale  diastolique  D. 

A  -  D 

L' index  de  resistance  s'ecrit  alors  :  R  =  — r — . 

A 

-  index  de  resistance  circulatoire  des  membres  inferieurs  :  le  flux  femoral  est 
constitue  essentiellement  d'un  pic  systolique  A  suivi  d'un  reflux  B  en  debit  de  diastole, 
l'ensemble  ayant  l'allure  d'une  oscillation  amortie.  La  proportion  de  reflux  diastolique 
B  est  directement  li6e  4  la  resistance  circulatoire  periph6rique  lorsque  la  souplesse 
vasculaire  reste  constante.  L' index  de  resistance  s'6crit  done  : 

R  _  B  m  Amplitude  reflux  diastolique 
A  Amplitude  pic  systolique 

-  mesure  du  temps  de  propagation  de  l'onde  de  pression  :  sur  1 'enregistrement  si-' 
multan6  de  l'ECG  et  des  courbes  de  variation  de  frequence  Doppler,  il  est  possible  de  me¬ 
surer  le  temps  qui  separe  le  d6but  de  l'onde  P.  et  le  d6but  de  l'onde  systolique.  Ce  temps 
s'allonge  au  fur  et  4  mesure  qu'on  s'eioigne  du  coeur  et  ceci  en  fonction  de  la  vitesse 
de  propagation  de  l'onde  de  pression.  La  vitesse  de  cette  onde  depend  de  la  compliance 
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vasculalre,  at  augment*  loraqu*  la  rigidit#  s'eiAve.  On  peut  done  etudier  revolution  da 
la  complianc*  vaaculalr*  global*  sur  chaqu*  grand  tsrrltoire,  an  analyaant  la  tenps  da 
transit  da  l'onda  da  praaalon  dans  ca  tarrltolra. 

Tout  las  rdsultats  da  1* exploration  vasculalre  oorraapondant  I  1* analyse  da  non- 
braux  complaxes  avac,  pour  chaqua  paramAtre,  la  ddtarmlnatlon  da  i 

-  la  valsur  moyanna  obtanu*  sur  l'ansambl*  das  m* suras  oorraapondant  A  un  anra- 
gistrsment  i 

-  la  deviation  standard  t 

-  l'ficart  par  rapport  I  la  valaur  da  baa*,  avant  la  vol,  axprlmda  an  %  da  catta 
valaur  da  base. 

RESULTATB 

1.  Cardlologla  i 

Las  principaux  risultats  obtanus  avant,  pendant  at  ismtediateaent  aprAs  la  vol  sont 
rassembie*  dans  la  figure  2.  La  rythma  cardiaqu*  HR  rest*  an  parmananc*  I  un*  valaur  41*- 
v*a  pendant  1*  vol  at  lors  da  la  phase  initial*  da  recuperation.  la  premier*  masura  an 
vol  (2s  jour)  montra  un*  chut*  du  volume  ventriculaire  systollqu*  (LVLV) ,  associ*#  A  un 
rythma  cardiaque  Alev*,  ca  qui  paut  ttra  la  consequence  d'una  reaction  neuro-Amotionnella 
Las  valaurs  das  volumes  diastolique*  (LVDV)  at  systollqu*  (LVSV)  sont  tlavdas  aux  3*  at 
4*  jours,  avac  ratour  aux  valaurs  da  base  1*  6e  jour.  La  volume  d'djactlon  (SV)  suit  un* 
•volution  asset  parallel*  4  call*  das  dimensions  ventrlculaires.  Cacl  entrains  une  forte 
augmentation  du  debit  cardiaque  (CO)  qui  attaint  pr*s  da  40  *  au  4*  jour  da  vol.  La  de¬ 
bit  cardiaque  rest*  Slave  durant  la  period*  da  recuperation  aurtout  en  raison  du  rythma 
cardiaqu*  supAriaur  4  sa  valaur  da  base. 

Aucuna  alteration  da  la  contractilite  cardiaqu*  n*  se  manifests  durant  le  vol, 
comma  lo  mortre  l'absenca  de  changemonts  important*  da  la  fraction  d'ejection  (ET) ,  du 
raccourcissement  relatif  du  diametra  vantriculaire  ( AR)  at  des  tamps  d'Sjection  simple 
(ET)  at  corrig6s  (CET) .  Cependant  on  not*  une  augmentation  de  la  vltesse  da  contraction 
des  fibres  (MVFC)  et  du  debit  systollqu*  moyen  (MSER)  certalnement  consecutive  4  l'aug- 
mentation  du  rythme  cardiaque. 

L' ensemble  des  phenomena*  observes  est  vraisemblablement  la  consequence  da  l'ac- 
croissement  de  rempllssage  sanguin  des  cavites  cardiaques,  provoque  par  la  redis¬ 
tribution  du  sang  vers  1'extremitS  cdphalique.  One  evolution  similaire  des  paramAtre* 
cardiaques  est  decrite  par  da  nombreux  auteurs  lors  des  experiences  de  simulation  da 
1 ' impesanteu?  par  la  position  antlorthostatique,  1  *  augmentation  du  remplissaga  des  cavi¬ 
tes  cardiaques  6tant  fonction  de  1' angle  d' inclinaison  des  sujets  lors  de  ces  etudes. 

Af in  de  pr6ciser  las  consequences,  sur  le  system*  cardiovasculaire,  des  modifica¬ 
tions  de  repartition  de  la  masse  sanguine,  un  test  dynamique  a  6te  realise  en  vol  aux 
jours  4  et  6,  au  moyen  de  brassards  places  autour  des  cuisses.  Ce  test  permet  de  retenir 
le  sang  dans  1*  system*  veineux  des  membres  lnfdrleurs.  Afln  de  clarifier  la  presenta¬ 
tion  (figure  3),  souls  lea  rfesultats  obtenus  le  4e  jour  sont  pr6sent6a  ici.  La  retention 
do  sang  dans  les  membres  infSrieurs  normalise  les  parametres  hemodynamiques  centraux  en^ 
reduisant  le  rempllssage  des  cavites  cardiaques  et  en  provoquant  une  assez  forte  baisse 
du  debit  cardiaque  (20  t) ,  nssociSe  4  une  ISgSre  dScroissan ce  du  rythme  cardiaque,  et 
surtout,  4  une  chute  du  volume  d' ejection  et  du  dlamfitre  ventriculaire  diastolique.  Ces 
modifications  montrent  que  le  gonflage  des  brassards  permet  de  reduire  les’ effets  de  la 
redistribution  de  masse  sanguine  en  apesaatour,  et  peut-Ctre  d'avoir  une  efficacite 
identique  4  celle  du  LBNP  (Lower  Body  Negative  Pressure) . 

Un  test  d'antlorthostatisme  (bed-rest)  a  6te  realise  sur  l'astronaute  frangais 
le  60e  jour  apr6s  le  vol,  4-6*  pendant  3  jours.  La  reponse  ootenue  montre  qua  le  volume 
ventriculaire  gauche,  le  vol  me  d'ejection  et  le  debit  cardiaque  ont  tendance  4  augmen- 
ter,  mais  ces  variations  sont  plus  faibles  qu'en  vol.  On  note  de  plus  une  baisse  du  de¬ 
bit  cardiaque  et  peu  de  modifications  des  paramStres  de  la  contractilite  myocardique .  Le 
r81e  du  stress  peut  partl-sllement  expliquer  la  difference  entre  les  rCsultats  de  simula¬ 
tion  et  ceux  de  microgravite. 

A  partir  des  result  ts  obtenus  chez  un  seul  sujet,  on  ne  saurait  tirer  des  conclu¬ 
sions  definitives  concernant  les  mecanismes  d'action  de  1 ' impesanteur  sur  1 • heraodynamiqu* 
cardiaque,  la  fonction  d'ejection  et  la  contractilite  myocardique.  Pour  rAsoudre  ces  pro- 
biemes,  ainsi  que  pour  decider  des  conditions  optimales  d' utilisation  des  manchettes  dam 
un  but  prophylactique,  il  est  necessaire  de  poursuivre  des  etudes  identiques  pendant  les 
vole  spatiaux  et  les  experiences  de  simulation  au  sol. 

2.  Vasculalre  : 

Le  debit  de  la  carotide  primitive  de  l’a3tronaute  reste  constant  dans  une  limits 
de  quelques  t  durant  le  vol,  en  depit  de  variations  important**  du  debit  cardiaque,  ce 
qui  traduit  une  excellente  regulation  du  debit  sanguin  cerebral  (figure  5) .  II  faut  ce¬ 
pendant  noter  que  les  conposantes  de  ce  debit  evoluent  pendant  le  vol  puisque  le  debit 
systolique  augmente,  alors  que  le  debit  diastolique  diminue.  II  semfcle  exister  une  bonne 
correlation  entre  la  vitesse  da  contraction  des  fibres  myocardiques  et  le  debit  systoli¬ 
que  carotidien.  Cette  variation  des  oomposantes  da  flux  sanguin  cerebral  est  biee  mice 

es  relief  par  1*  index  de  resistance  *  *  tr**— leant  la  proportion  de  flxx  systoli¬ 

que  dans  le  flax  total  de  la  carotide.  Cat  index  1 1  yin  it  i  en  snl  daas  lan  enrotides  prl- 
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phtnoNtM  >  un  Ivsntuel  oedlme  clrlbral  da  noysnn*  importance. 

La  circulation  dans  l'arttra  flmorale  lvolue  pendant  la  vol  (figure  6),  aais  dans 
das  proportions  modestes  qui  no  dtpaasant  pas  20  %.  On  nota  capandant  une  natta  augmenta- 
tion  du  dibit  fimoral  la  pramiar  jour  da  la  phasa  da  rlcuplratlon,  ca  qui  paut  s'expli- 
quar  par  una  difficult!  da  contrfile  vasomoteur  lors  du  ratour  an  gravitl  normal#.  Las 
conposantas  du  flux  fimoral  Ivoluant  alias  auasl  avec  una  tandanca  1  1 1  augmentation  du 
dibit  systoliqua  mais  aurtout  du  dibit  diastoliqua  (reflux)  pandant  touts  la  piriode  da 
vol.  L'lndex  da  rlslstance  R  -  B/A  qui  traduit  l'amplituda  relative  du  reflux  fimoral 
augments  da  manilre  trls  natta  au  coura  du  vol  (+  20  %)  pour  radascandra  trls  vita  lors 
du  ratour  au  sol. 

Pandant  la  vol,  la  diamltre  da  la  veins  jugulalre  ast  nattamant  augment!  par  rap¬ 
port  •  sa  valour  au  sol  an  dtcubitus  1  tiro  degil.  A  aucun  moment  cotta  veins  na  sa  col- 
labe  (comma  cela  arrive  parfols  au  sol),  ca  qui  traduit  la  prlsanca  d'una  prassion  vel- 
nausa  toujours  positive.  Las  dimensions  da  la  veins  flmorale  commune  rcstont  baaucoup 
plus  stables  lorsqu'on  compare  las  rlsultats  an  vol  at  au  sol. 

L'analysa  das  flux  vainaux  instantanls  rlvlle  das  modifications  trie  lmportantes 
das  conditions  hlmodynamiques ,  an  particulier  au  niveau  daa  vainas  jugulairas.  Or.  nota 
au  sol  una  courba  da  vitessa  typique,  qui  ast  nattamant  modulle  par  las  difflrentea  pha¬ 
ses  du  cycle  cardiaque  (contraction  auriculalre,  contraction  vantriculaira,  rempliasage 
rapida,  etc...),  ratrouvles  sur  la  courba  da  prassion  auriculalre  droita  Pa(t).  La  cour¬ 
ba  da  vltassa  rn  jugulalre  ast  alors  asset  volsine  da  la  fonction  -  Pandant  la 

vol,  la  flux  jugulalre  montre  un  dibit  permanent  an  diastole,  at  un  arrlt  brutal  contem- 
porain  da  l'onda  P  da  l'ECG  ■  cette  courba  de  Vitesse  sembla  bien  raf liter  una  augmenta¬ 
tion  da  la  preasion  veineuse  centrale,  at  Iventual lament  da  la  rlslstance  pulmonaire.  Ca 
type  de  tracl  ast  observl  pendant  toute  la  piriode  da  vol.  Dls  la  3e  jour  aprls  la  ra¬ 
tour  au  sol  las  tracls  jugulairas  sont  comparables  1  ceux  da  rlflrence  enregistrls  avant 
la  vol . 

La  circulation  velnuuse  flmorale  da  rlflrence  prlsante  essentiellement  une  compo- 
aante  continue  faiblement  modulle  par  la  respiration  at  la  rythme  cardiaque.  Au  cours  du 
vol,  ca  flux  fimoral  apparatt  beaucoup  plus  rythml  par  las  cycles  respj ratoires  at  car- 
diaques  avec  dea  arrlts  clrculatoires  asset  longs.  Au  premier  jour  da  rlcuplratlon,  la 
modulation  sa  rlsuit  pour  redevenir  identique  1  calls  de  rlflrence  dls  la  3a  jour  aprls 
la  vol. 

La  mesure  du. dibit  velneux  an  em'/mn  n'a  pas  Itl  rlalisle  an  raison  da  la  grande 
variabilitl  de  la  section  de  ca  type  da  vaiaseau.  On  nota  capandant  qua  les  vitesses 
dans  la  veine  flmorale  an  vol,  exprimls  en  cm/s,  sont  beaucoup  plus  faibles  qu'au  sol. 

L' ensemble  des  rlsultats  cbtenus  au  niveau  de  la  circulation  veineuse  confirms  les  hypo- 
thlses  de  remaniement  de  la  masse  sanguine  avec  surcharge  du  coeur  droit  et  modification 
de  la  pression  veineuse  centrale. 

L'ltude  indirecte  de  la  compliance  artlrielle  a  partir  des  ceractlristiques  de  la 
propagation  de  l'onda  de  pression  avait  pour  but  d'ltudier  lea  changements  du  tonus  vas- 
culaire  et  des  contraintes  externes  appliqules  aux  vaisseaux.  Les  rlsultats  s'analysent 
en  deux  Itapes  successives  i 

-  retard  entre  le  dlbut  de  l'onde  R  et  le  dlbut  de  la  mise  er  vitesse  du  sang 
dans  trols  artlres  :  carotide  primitive,  artlre  flrorale  commune,  artlre  tibiale  postl- 
tieure.  On  note  pendant  le  vol,  ainsi  que  lors  de  la  phase  de  rlcuplratlon,  une  diminu¬ 
tion  nette  de  ce  retard.  Son  Ivolution  au  niveau  de  la  carotide  traduit  clairement  une 
diminution  du  temps  de  prlljection  cardiaque  ; 

-  temps  de  transit  de  l'onde  de  pression  i  par  soustraction  des  temps  prlcldents 
on  obtlant  le  tenths  de  transit  dans  l'aorte  et  les  iliaques  (temps  1 Imoral-temps  caroti¬ 
de)  et  dans  les  membres  inflrieurs  (temps  tibial  postlrieur-temps  fimoral) .  Sur  le  trajet 
de  l'aorte  il  n’existe  pas  de  difflrence  significative  pendant  le  vcl,  mais  par  contre, 
on  note  une  diminution  du  temps  de  transit  suplrieur  3  la  dlviation  standard  lors  de  la 
phase  de  rlcuplratlon.  Dans  les  membres  inflrieurs,  le  temps  de  propagation  est  diminul 
de  manilre  trls  sensible  en  microgravitl,  et  revient  3  sa  valeur  de  base  lors  de  la  pha¬ 
se  de  rlcuplratlon  (3e  jour)  (figure  7). 

L' augmentation  nette  de  la  rigiditl  du  systlme  vasculaire  des  membres  inflrieurs 
pendant  le  vol  constitue  une  surprise,  qui  peut  trouver  son  explication  dans  deux  mlca- 
nismes  :  1*,  l'existence  d'un  tonus  vasculaire  important  qui  est  rlvlll  par  l'augmenta- 
tion  de  la  rlslstance  clrculatoire  plriphlrique  ;  2*,  1 'augmentation  du  tonuc  ausculai- 
re  des  membres  inflrieurs  en  vol  par  rapport  3  la  position  de  dlcubltus.  Aucune  explica¬ 
tion  n'a  It!  trouvle  3  la  variation  de  temps  de  transit  dans  l'aorte  au  cours  de  la  pha¬ 
se  de  rlcuplratlon. 

Afin  de  contrfiler  1 'aptitude  du  oosannaute  1  visualiser  certalnes  structures  abdo¬ 
minal  es  ,  il  Itait  prlvu  l'enregistrement  d ‘ images  tchotoaogTaphiques  montrant  le  systlse 
porte  intra-hlpatlque  et  les  vetaes  sus-hlpatiques.  Les  rlsultats  abtenus  sont  d'excel- 
lecte  qualitl  et  noatrest  clairement  que  les  veines  sus-hlpatiques  loot  soomises  1  des 
variations  de  calibre  Upsrurus  1  cheque  cycle  cardiaque  pendant  la  piriode  ce  vol. 

Ceci  pest  Itre  la  ccaslq-ae-ce  d’sae  auqtscstatiam  de  la  prvssioe  veimesme  centrale  et 
d'sae  ssrsbarge  it  soesr  ircit-  le  ryrthme  pcete  se  mewtre  pas  de  tariatiac  de  calibre 
hteelatle  mar  les  -ers-pr «  Icadiles- 
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Lora  da  l'#preuve  d'antlorthostatiame  rtaliste  2  moil  aprts  la  vol  aur  la  cosmo- 
nauta  frangais,  11  a  4t»  poaalbla  da  raontrar  qua  cartalnaa  rCponaaa  hCmodynamlquas 
♦talent  semblablss  at  d'autraa  trfta  difftrentea  dea  rtaultata  da  vol.  Au  nlvaau  carotl- 
dlan,  on  ratrouva  la  fait  qua  la  dibit  raata  dana  lea  Umltea  da  10  %  da  la  valaur  da 
base,  a vac  augmentation  da  1' index  da  resistance  lit  2  la  diminution  da  la  vltaaaa  diaa- 
toliqua  at  augmentation  da  la  vltaaaa  ayatolique  maximale  (figure  8) . 

Au  nlvaau  daa  mambrea  infirlaura,  on  note  par  contra  une  importante  chute  da  di¬ 
bit  fimoral  (da  l'ordre  da  35  %) ,  avac  une  variation  lnvaraa  da  cella  anregiatria  an  vol 
pour  la  reflux  at  la  tempa  da  propagation  da  l'onde  da  praaaion  (figure  9). 

Ainai,  l'iprauva  d'antiorthoatatiama  raprodult  partiallamant  lea  conditiona  da 
mlcrogravlti  at  aemble  nettemant  miaux  adaptia  pour  la  cardiologia  at  la  circulation 
carvico-anciphaliqua  qua  pour  la  circulation  dana  la  partia  infirlaura  du  corpa.  Ceci 
a'axplique  an  partia  par  la  fait  qu'an  mlcrogravlti  la  gradient  da  praaaion  eat  aymitri- 
qua  da  part  at  d'autre  du  coeur  droit,  ca  qui  n'aat  paa  la  caa  an  poaitlon  i  -6*. 

CONCLUSIONS 

L'expirience  Echographie  a  iti  miaa  au  point  pour  la  vol  consnun  franco- 
aoviitiqua  da  juin  1982  8  bord  da  la  atation  Sellout  7  (vol  da  7  jours).  Lea  apationau- 
teu  ont  iti  entralnis  8  utiliaar  l'apparaillage  divaloppi  an  comnun  antra  la  Laboratolre 
da  Blophyalque  da  la  Faculti  da  Mideclna  da  Toura,  la  C.N.E.S.  at  la  Sociiti  Matra.  Cat 
apparail  basi  aur  l'amplol  daa  ultraaona  eat  capable  da  viaualiaer  la  coaur  at  lea  vaia- 
aeaux,  d'anragiatrar  la  mouvement  daa  atructurea  cardiaquea  at  da  fournir  lea  paramitraa 
nicaaaairea  au  calcul  du  dibit  aanguln  dana  lea  vaiaseaux  auperficiela.  La  quaal- 
totaliti  du  programme  a  pu  itra  axicutia  at  lea  document!  axpirimantaux  aa  aont  aviria 
itre  da  bonne  quail ti. 

Daa  enregiatrements  ont  iti  affectuia  aur  J-L.  CHRETIEN  aux  dataa  auivantaa  t  8 
30  at  3  jours  avant  la  vol,  aux  joura  2,  3,  4  at  6  durant  la  vol,  aux  lar,  3a,  60a  jour 
apris  la  retour  au  sol.  Parmi  lea  prlncipaux  riaultata  observia  on  note  l'accroiaaement 
du  dibit  at  da  la  friquenca  cardiaquea  an  impesanteur,  1 ' augmentation  dea  dimenaiona  au- 
riculairea  at  ventriculairea  gauchea,  avac  conaarvation  da  la  contractiliti  myocardique , ■ 
lea  modificationa  du  flux  veinaux  at  da  la  compliance  vaaculalre,  la  changement  da  la 
riaiatanca  piriphiriqua  at  la  atablliti  du  dibit  aanguln  ciribral.  La  nouvelle  reparti¬ 
tion  du  volume  aanguln  lii  8  la  diaparition  da  la  praaaion  hydrostatique  ainai  qua  la 
forte  riduction  du  travail  physique  axpliquant  an  partia  lea  riaultata  pricidents.  L'u- 
tllisation  da  manchettes  placias  8  la  racine  dea  membres  infirlaura  a 'eat  avirfie  ef fl¬ 
eece  pour  riduire  la  surcharge  du  coaur  an  situation  d ’ impesanteur .  Aucune  modification 
8  caractira  franchement  pathologiqua  n'a  iti  observia  pendant  touta  la  pirlode  du  vol. 

Dea  simulations  au  aol  par  alitement  prolongi  an  antlorthoatatisme  ont  iti  ria- 
lisies.  Lea  riaultata  mont.rent  qu'il  n'eat  pas  possible  de  simuler  complitement  la  situa¬ 
tion  da  mlcrogravlti  par  la  simple  position  antiorthostatique  8-58  -6*.  Par  ailleura, 
dea  dosages  hormonaux  sanguins  at  urinaires  tris  complets  doivent  compliter  las  informa¬ 
tions  cardiovasculaires  obtenues  avec  l'apparaillage  Echographie. 

II  eat  important  d' insister  aur  plusieurs  aspects  qui  ont  iti  mis  en  relief  au 
cours  de  l'expirience  : 

-  1'ergonomie  de  l'appareil  s'est  avirie  relativement  bonne,  ainsi  que  l'entral- 
nement  du  spationaute  J-L.  CHRETIEN,  puisque  les  documents  obtenus  sont  de  bonne  qualiti 
et  que  la  quasi-totaliti  de  l'expirience  a  iti  menie  5  bien  dans  les  dilais  privus  ; 

-  1' augmentation  du  dibit  cardiaque  sans  modification  majeure  du  dibit  ciribral 
et  fimoral  laisse  supposer  que  la  c ' rculation  rinale  et/ou  hipato-dlgestive  augmente  8 
certaines  phases  du  si jour  en  mlcrogravlti.  II  est  essentiel  d' analyser  ce  phinomine 
lors  de  prochains  vols  ; 

-  les  caractiristique^  du  flux  pulmonaire  sont  importantes  8  itudier  car  ellea 
retentissent  directement  sur  la  pression  veineuse  centrale  et  sur  les  modifications  de 
dimensions  des  cavitis  cardiaquea  ; 

-  les  fortes  modifications  dans  le  retour  veineux  et  leur  repercussion  sur  la 
pression  veineuse  centrale  nous  incitent  8  itudier  de  maniire  plus  approfondie  le  flux 
dans  la  veine  cave. 


Toutes  ces  remarques  montrent  la  nicessiti  d'itudes  complimentaires  8  partir  de 
la  technique  par  Doppler  pulsi,  ainsi  que  l'intirit  de  ripiter  les  expiriences  car  il 
est  difficile  de  giniraliser  les  risultats  obtenus  sur  un  seul  indivldu. 


REFERENCES 

1.  Human  cardiovascular  adaptation  to  zero  gravity.  ESA  SP-1033,  january  1981. 

2.  Microgravity  as  an  additional  tool  for  research  in  human  physiology.  ESA  BR-09,  janua¬ 
ry  1982. 

3.  NICOGOSSIAM  A.E.,  PARKER  J.F..  Space  physiology  and  medicine.  RASA  SP-447,  1982. 

4.  GAUER  O.B.  et  al..  Fluid  metabolism  and  circulation  during  and  after  simulated  veight- 
lessness.  2nd  IIA  International  Symposium  on  sum  in  space,  Paris,  1965. 

5.  BCSDE-PETERSER  T.  et  al..  Aspects  of  cardiovascular  adaptation  to  gravitational 
stresses.  Physiologist  23,  sup.  S7-S10.  1980. 

6.  HOOnsr  C.C.  et  al..  Early  cardiovascular  adaptation  to  zero  gravity  simulated  by 
tsiilrtr:  v  tilt.  XXX  Zmtsnmtlomal  asrra— Mira!  Federation  Congress,  MBmich,  sept.  17- 
22.  ir». 


7. 


6.  SANDLER  H..  Lov-G  simulation  in  mammalian  raaaaroh.  Physiologist  22,  aup.  S19-S22, 
1979. 

9.  POURCELOT  L.  at  al..  Cardiovascular  exploration  in  microgravity.  Prench-aoviat  flight 
onboard  Saliout  VII,  june  1982.  Procaadinga  of  tha  IAF  Maating,  Budapest,  1983. 

10.  POURCELOT  L.  at  al..  Rasulta  of  achocardiographic  axaainatlon  during  7  days  flight 
onboard  Saliout  VII,,  june  1982.  The  Physiologist,  vol.  26,  n*  6,  suppl.,  1983. 


C.J.T.  (0.3li) 


R.V.F.C.  (Is-1) 


ft. 


n.S.E.R.  (25Wt) 


E.T.  (0.31s) 


yH: 


/-V: 

j*  ..  #•  *  j 

..  •  %  :  •  ;  f 


Pigure  1  i  Vue  de  l'appareil  Echo- 
graphia  at  d'une  sonde  duplex  plac6e 
aur  la  carotide  primitive. 
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DISCUSSION 


•CANO,  Italy 

C’aat  aauleaant  una  contribution  au  problime  come  on  l'  a  dUcuti  Juaqu'  lot,  an 
partloullar  aux  donniaa  presenties  par  la  Prof.  Pourcalot. 

Coat  voua  aavex  noua  avona  enreglstri  la  balllstocardiograame,  qul  aat  un 
phenomena  o^wpiKxa  a  interpriter,  aala  qul  paut  donnar  una  ldie  aur  1'  activity 
aechaniqui  du  ooaur  at  aur  la  condition  daa  valaaaaux. 

Alors,  dana  la  dlapoaitiva  (ja  craina  qua  c'aat  difflella  a  voir)  noua  avona  poai 
laa  donniaa  ooncarnant  la  aoaaa  da  quatra  ondaa  du  balliatocardloqraaaa  (ca  aont  laa 
ondaa  ayatollquaa) ,  enreglatries  dana  laa  joura  pricidants,  dana  la  prealire  phaaa 
du  vol,  dana  la  deuxleae  phaaa  du  vol  at  alx  joura  apria  1*  atterrlsaaga,  pendant 
daa  oondltlona  da  rapoa  at  d1  actlvlti  physique,  una  actlvlti  traa  llaltie  an 
reallti.  Noua  avona  poai  ici  laa  donniaa  ooncarnant  la  ballistocardlogranae  la  lonq 
daa  axaa  longitudinal  du  corps,  la  ballistocardiograms^  la  long  da  1'  axa 
tranavaraal  du  oorpa.  S  at  Y.  On  paut  voir  qua  pandant  la  vol.  at  an  partloullar 
dana  laa  joura  lnltlalaa  du  vol,  11  y  a  una  augmentation  natta  at  statlstlquement 
algnificatlva  da  1’  aaplltudg  du  balliatocardiograwa,  aur  laa  quatra  membres  aur 
laaquala  noua  avona  travaille.  Ca  phenomine  va  a'  attinuar  pandant  la  deuxlime  phaaa 
du  vol  at  11  va  diaparattra  apria  la  ratour  au  aol.  Noua  n'  avona  pas  encore  laa 
donniaa  du  praailar  jour.  Xla  aaront  laa  plua  intiraaaantaa  aala  an  tout  caa  on  volt 
qu'  11  y  a  una  aanalbla  dlffiranca  auaal  avae  la  donniaa  avant  la  vol.  C'  aat  tria 
difflella  dlra  qua  la  balliatocardiogrxMa  aat  1'  axpraaalon  du  dibit  ayatollqua, 
aala  certalnement  11  aat  una  axpraaalon  globala  da  la  pulaaanca  vantrlculalra  at 
auaal  daa  raaiatancaa  vaaculalraa.  Ca.  o'  aat  blan  d*  accord  avac  laa  donniaa 
ooncarnant  la  vltaaaa  d1  axpulaion  at  la  dibit  ayatollqua.-  II  y  a  una  chose  qul  aat 
dlffiranta,  o'  aat  a  dlra  la  friquanca  cardlaqua  qul  dana  notra  caa  n*  atalt  paa 
augmentie,  plutfit  dlalnuia  aala  paa  aignlf lcativaaant. 

Laa  donniaa  apria  laa  axarcicac  aont  an cor a  dlffirantaai  voua  pouvas  voir  1* 
augaantation  plua  ilavia  da  1'. amplitude  du  balliatocardlograaaa.  Ja  panaa  qu'  11 
aaralt  utila  voir  a'  11  aat  poaaibla  laa  aattra  an  rapport  avac  la  donniaa  du  Prof. 
Pourcalot  at  du  Dr.  Sandler  auaal. 


Pourcalot,  FR 

Ja  na  connaia  paa  auffiaaaaant  las  donniaa  da  vos  balliatocardlograames  pour 
pouvolr  laa  comparer  tout  da  aulta  avac  nos  risultata.  II  semble  capandant  qua  las 
variations  qua  voua  avaa  obsarviaa  aur  1*  axa  a  soiant  tout  i  fait  dana  1'  ordra  da 
grandaur  das  variations  qua  nous  obeervons  au  nivaau  du  dibit  ayatollqua  aoyan.  II  y 
a  done  una  oorrilation  poaaibla  antri  laa  daux  risultata. 


SC  AMO,  Italy 

This  la  actually  not  a  question,  but 
papers  presented  by  Prof.  Pourcalot 


only  a  axsdeat  contribution  to  the  Interesting 
and  by  Dr.  Sandler. 


As  you  know,  wa  Bade  balliatocard log 
Spacelab-1  Mission.  During  ay  present 
systolic  waves  collected  along  the  2 
significant  Increase  of  the  whole  aapj 
aicrogravlty,  a  relative  decrease  by 
landing.  It  aaaaa  Interesting  to  fl 
completely  different  cardiovascular 


on 


AUTHOR'S  reply 

It  could  be  of  interest  to  coapare 
graphy  and  ballistocardiography  during 
have  observed  oould  be  correlated 
ejection  rata,  and  systolic  velocitij< 
French  Astronaut  during  the  Salyut 


raphlc  recordings  prior,  during  and  after  the 
at  Ion  I  showed  a  dlagraa  with  the  values  of  BCG 
and  Y  axasi  It  deaonstrated  a  statistically 
jlltude  of  these  waves  during  the  first  days  In 
the  end,  and  a  further  decrease  6  days  after 
nd  a  confirmation  of  your  results  through  a 
physiological  exploration  eat hod. 


the  same  subject  the  reaulta  of  echocardio- 
■icrogravity  exposure.  The  modif icatlona  you 
th  increase  in  stroke  volume,  mean  syatollc 
las  in  vassals,  which  was  demonstrated  on  the 
space  flight. 
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Summary 

a 

In  order  to  see  whether  tha  headward  fluid  shift  during  spaceflight  Is  followed  by  Increased  venous  pressures 
In  tha  upper  half  of  the  body  In  astronauts  during  the  Spacelab  1  Mission  pressures  In  an  antecubltal  vein 

Ewas  measured  together  with  the  hematocrit  (Hct)  and  the  ADH  concentration  pre-,  In-  and  post-flight.  )i 

al  venous  pressure  was  followed  pre-  and  post-flight,  together  with  the  body  weight  (BU) .  22  houn  after  ; 

launch  PVP  was  lowered  as  compared  to  pre-flight  values  and  remained  so  during  the  whole  mission,  whereas  Hct  •* 

and  tha  ADH  were  elevated.  Apparently  the  space  adaptation  of  the  low  pressure  system  Is  a  highly  dynamic  pro¬ 
cess  being  over  within  24  hours.  The  readaptatlcn  to  ground  conditions  follows  a  similar  time  course.  % 


Introduction 

Tha  physiology  of  space  flight  Is  characterized  by  two  adaptive  processes  -  the  adaptation  to  weightless¬ 
ness  and  the  readaptation  to  the  1-g  environment  on  earth.  It  Is  nowadays  obvious  that  within  tha  frame  of 
these  processes  tha  cardiovascular  and  the  endocrine  system  play  a  key  role  (3,  7,  14,  18). 

Tha  anthropometric  measurements  during  the  Skylab  missions  (21)  showed  a  reduction  of  the  tissue  volume 
of  tha  lower  limbs  due  to  a  fluid  mobilisation  from  the  Intra-  and  the  extravascular  compartment  amounting 
up  to  2000  cc.  This  fluid  was  shifted  towards  the  upper  parts  of  the  body  and  accumulated  predomlnantely  In 
tha  Intrathoraelc  compartment  of  the  low  pressure  system  elevating  probably  for  a  certain  period  of  time  the 
Central  Venous  Pressure  (CVP).  This  In  term  should  trigger  the  so  called  "volume  reflex"  descrlted  by  GAUER 
and  HEMtY  (5)  with  the  consequence  of  an  Increased  urine  output  due  to  lowered  levels  of  the  Antidiuretic 
Hormone  (ADH).  Since  In  space  so  far  no  elevated  urine  outputs  could  be  detected, the  normal  urine  excretion 
must  be  regarded  as  elevated  because  fluid  Intake  Is  reduced  (12,  13).  Insofar  the  GAUER-HENRY-hypothesIs 
should  still  be  valid  In  space.  It  was  the  aim  for  our  study  to  prove  this  hypothesis  and  therefore  during 
the  F1r:t  Space-lab  mission  (FSIP)  the  following  experiments  were  performed.  In  the  astronauts  on  ground  be¬ 
fore  and  innedlately  after  landing  CVP  was  measured  with  the  help  of  the  arm-down  method  (6,  9).  In  space  the 
astronauts  measured  the  pressure  In  an  arm  vein  according  the  NORITZ-TABORA  method  (15).  After  the  pressure 
measurements  blood  samples  were  taken  for  hematocrit  measurements  and  hormone  analysis  (ADH). 

The  Experimental  Environment 

Before  In  the  usual  manner  the  methodology  and  results  will  be  reported  It  seemed  necessary  to  the  au¬ 
thors  to  outline  more  In  detail  the  special  circumstances  under  which  the  data  were  elaborated.  All  the  re¬ 
sults  obtained  should  be  viewed  under  these  special  aspects. 

Despite  the  technological  progress  made  In  the  last  two  decades  there  Is  no  denying  the  fact  that  the 
conduct  of  scientific  programs  concerning  human  physiology  Is  very  much  subject  to  the  opeiatlonal  constraints. 
The  operational  demands  of  the  mission  are  responsible  for  the  boundary  conditions  which  often  limit  the  ex¬ 
perimental  approach.  Till  now  space  physiology  still  Is  field  physiology  very  often  done  under  extreme  con¬ 
ditions  where  the  pencil  and  the  notebook  of  the  experimenters  are  more  Important  than  the  analytical  pro¬ 
cedure  later  In  the  quiet  laboratory. 

What  are  the  limiting  factors? 

1.  Only  4  subjects  took  part  In  our  venous  pressure  experiments  and  only  from  two  subjects  blood  samples  for 
hormone  analysis  In  space  were  available;  therefore  no  statistical  analysis  of  the  data  was_undertaken.  The 
nuaerlcal  results  of  each  Individual  will  be  given.  In  some  Instances  the  arithmetic  mean  (x),  the  highest 
(H)  and  lowest  (l)  values  are  given. 

2.  The  age  of  the  astronauts  varied  from  33  to  55  years.  This  should  Influence  the  life  style  to  a  certain 
extend.  All  but  one  of  the  astrorauts  had  a  training  In  technical  fields  what  Is  Important  to  know  because 
In  space  subject  and  experimenter  were  Identical.  The  astronauts  were  trained  to  perform  venipuncture  on 
themselves  and  did  this  task  excellently. 

3.  The  technical  design  of  the  equipment  had  to  be  simple  and  easy  to  handle  even  under  extreme  conditions. 
Safety  requirements  had  also  to  be  fulfilled.  The  equipment  had  to  be  ready  three  years  before  launch. 

4.  The  venous  pressure  measurements  and  the  blood  sampling  had  to  be  done  In  space  on  4  astronauts  within  45 
minutes.  This  time  had  to  be  shared  with  another  gr oup  doing  hematological  experiments. 


bases  data  collection  before  and  after  the  spacefill* 
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Canaveral  •  Mm,  humid  climate  prevails.  Th#  astronauts  had  to  travel  between  the  locations  and  the 
danger  of  a  More  or  less  pronounced  dehydration  ms  always  1  eminent  (see  Figure  1). 

S.  Two  weeks  before  lauiw  the  crew  was  taken  Into  quarantine  which  meant  the  astronauts  had  only  limited 
contact  to  the  outer  wor’  They  had  time  to  rest  and  relax,  and  followed  their  usual  eating  and  drinking 
pattern. 

7.  In  two  crew  Members  a  time  shift. of  12  hours  was  Introduced,  two  of  them  were  working  whereas  the  two 
others  mre  asleep.  This  time  shift  was  maintained  throughout  the  mission.  The  team  was  synchronized  after 
landing.  Since  the  Measurements  In  space  were  taken  In  all  crew  members  at  the  same  time,  two  Mre  In  their 
morning  cycle  and  the  other  two  In  their  evening  cycle. 

8.  Another  Inhoaiogenelty  ms  Introduced  Into  our  team  by  the  fact  that  two  astronauts  were  salt  and  Mter 
loaded  shortly  before  landing.  One  liter  of  a  balanced  salt  solution  was  given. 
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Nevertheless  m  are  confident  that  despite  these  limitations  useful  Informations  could  be  gained  which  V, 

not  only  will  shed  new  light  on  the  physiology  of  the  human  body  but  also  will  Improve  the  experimentation  ft 

In  future  Missions.  )•, 

• 

Procedure  and  Methods  ,* 


Figure  1  gives  further  Insight  Into  the  special  circumstances  of  the  experiments. 
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Figure  1:  Time  line  of  the  pre-,  In-  and  post-flight  data  collection.  The  locations  of  the 
data  collection  are  also  given. 

F  -  30  *  30  days  before  flight 

MD  0  ■  First  Mission  Day,  22  hours  after  launch 

R  +  0  *  1  -  2  hours  after  recovery  (landing) 

R  +  1  •  12  hours  after  landing 

The  experiments  reported  here  were  part  of  a  program  to  which  3  different  groups  of  Investigators  made 
their  contributions.  Ojr  group  was  responsible  for  the  venous  pressure  (3.)  and  the  hormones  (A.).  The  timing 
of  the  data  collection  Is  Indicated  by  ♦  -  signs. 

Originally  the  pre-flight  control  measurements  were  scheduled  on  F  -  30,  F  -  15,  and  F  -  1.  Due  to  the 
repeated  delays  of  the  mission  we  finally  had  4  -  5  pre-flight  control  values  from  each  subject  namely  on 

F  -  65,  F  -  55,  F  -  44,  F  -  7,  and  F  -  1.  These  details  are  omitted  on  Figure  1  but  will  be  seen  In  Figure  2. 

In-flight  measurements  were  planned  on  MD  0,  MD  ♦  2  and  MD  +  7.  On  MO  ♦  2  only  In  two  astronauts  venous 
pressure  measurements  Mre  taken.  The  whole  mission  lasted  9  days.  In  the  recovery  period  after  landing  the 
data  collection  took  place  on  R  ♦  0,  R  ♦  1,  R  +  7  and  R  +  14. 

The  two  Payload  Specialists  (PS  1  and  PS  2)  and  the  two  Mission  Specialists  participated  In  the  study. 


On  ground  the  data  collection  took  place  In  the  following  Mnner:  after  voiding  and  taking  the  body  Might 
(8W),  a  resting  period  of  15  -  20  minutes  In  supine  position  followed.  After  the  venous  puncture  of  an  ante- 
cubital  arm  vein  blood  was  drawn  for  the  analysis  of  the  hematocrits  (Hct),  the  electrolytes  and  the  >t  --ines. 
The  plasma  volume  (PV)  and  the  red  cell  mass  (RCM)  Mre  determined  on  three  occasion*  (see  Figure  1).  There¬ 
after  the  venous  pressure  measurements  were  done.  At  first  the  peripheral  venous  pressure  (PfF)"  was  measured, 
the  subject  lying  on  his  back  keeping  the  ana  almost  perpendicular  to  his  trunk  (MORITZ -TABORA-method).  No 
further  corrections  for  hydrostatic  factors  Mre  done.  Then  CVP  ms  determined  using  the  arm-down  method  of 
GAUER,  HENRY  and  SIEKER  (6).  For  this  purpose  the  subject  had  to  turn  Into  the  lateral  decubitus  position. 

This  method  permitted  an  estimation  of  the  CVP  level  with  adequate  accuracy  without  intrathoracic  catheteri¬ 
zation.  The  measurements  could  be  repeated  ad  libidua,  so  that  over  a  period  of  several  weeks  a  reliable  bas«- 

_ line  for  each  astronaut  could  be  established.  The  measurements  were  done  against  atmospheric  presort  using 

a  small  conventional  strain  gange  (Fa.  AME,  Horten,  Norway),  a  pre  aglifier.  and  a  tape  recarder  ta  stare 
the  signals  (Fa.  Kayser  A  Threde.  nmrich.  FNS).  Pulse  coded  madalatina  was  nsed  far  data  acasHitatimn  and 
a  small  esdllascape  ta  male  the  sigals  visible  far  the  subjects.  The  flight  writ  and  ts*  m*t  ad  m 
&at£ica1.  battery  driven,  nmigfkkag  3  kg  'ij.  ta 
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In  space  only  the  pressures  In  en  tne  vein  were  taken.  Only  4  -  5  minutes  were  allowed  for  the  venous  pressure 
measurements  In  each  subject  on  F  -  l.  In  space  on  R  ♦  0  and  R  +  1. 

It  Is  accepted  that  CVP  or  right  atrial  pressure  cannot  be  considered  as  effective  right  v  ntrlcular 
filling  pressure  because  pleural  and  pericardial  pressures  were  not  subtracted  (2).  However,  this  difference 
can  be  minimized  by  using  only  values  obtained  In  the  endexplratory  phase.  In  such  a  case,  changes  In  CVP 
closely  parallel  the  changes  In  effective  filling  pressure.  A  critique  of  the  method  will  be  given  elsewhere 
(11). 


For  hematocrit  (Hct)  measurements  a  small  microhematocrit  centrifuge  was  used  (Compur  M  1100,  Fa.  Com* 
purelektronlk  GmbH,  Munich).  Mean  values  out  of  3  *  5  samples  were  used. 

The  Plasma  AVP  was  determined  twice  on  each  sample  by  the  radioimmunoassay  technique  of  WJHRINC  (per¬ 
sonal  coMunl cation).  The  Interassay  coefficient  was  15  X  (1  -  5  pg/ml)  and  10  X  (5  -  10  pg/ml),  respectively 
for  10  separately  extracted  samples.  Extraction  was  performed  with  acetone  and  petroleum  benzene.  The  over¬ 
all  recovery  of  AVP  -  J11*  was  70  X.  The  antisera  cross  reaction  with  lysine  vasopressin  was  less  than  1  X. 
The  limit  of  detection  for  this  assay  was  1.2  pg/ml  plasma. 

Only  from  2  subjects  blood  samples  for  hormone  analysis  were  available  (Figure  6). 

Results 


Figure  2:  Pre-launch  data  collection  of  the  PVP-  and  CVP  values  In  ♦  subjects. 
The  data  collection  started  65  days  before  launch  (abscissa  left 
side),  and  ended  24  hours  before  launch  F  -  1. 


In  the  pre-launch  phase  (Figure  2)  the  PVP  values  ranged  usually  between  10  to  15  cm  HjO  and  fluctuated 
to  a  much  lesser  extend  than  the  CVP  values.  For  Instance  In  subject  PS  2  on  top  of  Figure  2  CVP  ranged  from 
0.0  cm  HjO  on  F  -  65  to  +12.6  a»  HjO  on  F  -  1.  Despite  these  fluctuations  of  the  CVP  values  each  subject  had 
more  or  less  his  Individual  CV?  level  (see  Table  1). 


Table  1:  The  arithmetic  mean  (x),  the  highest  (H)  and  the  lowest  (L)  values  tor  each  subject  of  the  PVP  and 
CVP  over  the  pre- launch  phase. 

PVP  CVP  (cm  H,0) 
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The  most  Important  Information  In  this  phase  of  observation  ms  that  within  F  -  7  and  F  -  1  In  all 
subjects  a  more  or  less  marked  Increase  of  the  venous  pressures  was  seen.  In  three  subjects  even  the  highest 
PVR  and  CVP  values  were  reached.  It  Is  obvious  that  with  lowered  CVR  levels  the  venous  gradient  Increased 
which  should  be  mainly  due  to  the  collaps  occurlng  at  the  point  were  the  veins  enter  the  thorax.  With  In¬ 
creasing  CVP  levels  the  gradient  gets  smaller. 
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Figure  3:  Typical  exanples  of  central  venous  pressure  recordings  In  the  pre-  and 

post-flight  period  from  one  subject  PS  X.  In-flight  the  data  from  the  ante- 
cubital  vein  were  used. 

The  examples  of  a  typical,  original  recording  from  one  subject  given  In  Figure  3  show  convincingly  that 
with  the  method  applied  characteristic  CVP  recordings  could  be  gained.  The  high  pressure  level  on  F  -  1  Is 
seen  easily.  Most  striking  Is  the  finding  of  H)  0.  Firstly  the  pressure  level  Is  low  (6.5  cm  H20).  Secondly 
despite  of  that,  an  almost  complete  CVP  curve  with  all  the  characterlc  waves  Is  seen.  This  Is  unusual  In  an 
peripheral  vein  and  Indicates  an  open  connection  between  the  Intra-  and  extrathoraclc  compartment  of  the 
low  pressure  system.  On  MD  7  these  characteristics  disappeared,  however,  the  venous  pressure  was  low.  One 
hour  after  recovery  typical  CVP  recordings  can  be  seen  again,  the  values  being  rather  high  (+8.3  cm  H20)  In 
face  of  a  dehydration  being  In  this  case  3.4  t  of  BW.  14  hours  after  landing  the  CVP  ms  lowered  but  most 
Important  respiratory  fluctuations  clearly  Influence  the  CVP  recording. 

The  results  of  the  two  subjects  given  In  Figure  4  cover  the  most  Important  time  span  of  the  study  and 
are  representative  for  the  data  of  all  of  our  subjects. 

In  the  pre-launch  phase  from  F-8toF-lan  Increase  of  the  PVP  and  CVP  went  hand  In  hand  with  a  de¬ 
crease  of  the  Hct  and  an  Increase  of  the  BW.  Taking  all  Informations  together,  one  can  state  that  In  this 
phase  a  filling  of  the  extracellular  space  occurred.  This  raises  the  question  what  should  be  regarded  as  tne 
baseline  for  the  comparison  with  the  In-flight  data? 
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Figure  4:  Frooi  the  top  to  the  bottom  the  date  of  the  BW,  Hot,  PVP  and  CVP  measure¬ 
ments  of  2  astronauts  over  the  period  from  F  -  8  to  F  -  1,  In-flight  and 

In  the  early  recovery  period  R  ♦  0  and  R  ♦  1  are  combined.  For  details  see 
text. 

As  can  be  seen  In  the  upper  part  of  Figure  4,  In-flight  a  lowered  pressure  level  In  an  arm  vein  was  seen 
In  comparison  to  the  PVP  measurements  o’-  F  -  8  and  F  -  1.  The  pressure  decrease  was  most  marked  In  the  sub¬ 
ject  with  the  high  pressure  values  on  ground  (lower  part).  Since  the  pressures  were  measured  In  a  certain 
distance  to  the  heart,  the  pressures  In  the  right  atrium  must  have  been  even  lower  than  In  the  arm  veins. 

In  the  two  subjects  the  venous  pressure  levels  were  even  lower  than  the  CVP  values  linaedlately  pre-flight. 

In  PS  2  (lower  part)  the  In-flight  values  were  lower  only  In  comparison  to  the  F  -  1  value,  otherwise  the 
In-flight  values  were  always  higher  than  the  values  on  F  -  8  or  the  x  value  In  Table  1. 

At  the  same  time  the  Met  Increased  by  3  to  5  Heti.  Ir.  one  subject  the  elevation  remained  on  this  level 

throughout  the  mission,  whereas  In  the  other  subject  Hct  returned  to  the  pre-fl.lght  level. 

After  landing  In  a'’  astronauts  a  BW  decrease  was  seen.  Despite  of  this  rather  high  PVP  Values  were 
found  which  were  on  th>  'Yel  of  the  F  -  1  data  or  beyond.  The  subject  In  the  upper  part  was  fluid  loaded 
before  landing,  an  1ncsiy>-  of  the  PVP  by  13.0  cm  HjO  was  seen.  In  the  lower  part  the  subject  remained  dry 
but  the  PVP  Increased  b-  1.3  cm  H20.  The  CVP  values  on  RO  were  lowered  compared  to  F  -  1  but  higher  than 
the  In-flight  venous  pressure  levels. 

In  the  upper  example  the  Hct  rmaalned  unchanged  In  the  landing  phase  and  thereafter,  despite  the  fact 
of  the  fluid  loading  of  the  subject  Below  a  decrease  of  the  Hct  was  seen,  which  means  that  In  this  case 
fluid  was  added  to  the  Intravascular  from  the  Interstitial  space.  12  hours  after  the  first  measurements  bet¬ 
ween  RO  and  R  ♦  1  a  step  decline  of  the  PVP  was  se~n,  but  also  the  CVP  decreased. 
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Figure  5:  Upper  part:  Venous  pressure  In  mlcro-g  Is  plotted  against  CVP  1  day  before 
launch  (F  -  1).  Data  from  4  subjects  (MS  1,  MS  2.  P  1,  P  2).  Description 
see  text. 

Lower  part:  Venous  pressure  In  elcro-g  Is  plotted  against  PVP  1  day  before 
launch.  Notice  the  low  scatter  of  the  data  In  space. 

Not  only  that  the  venous  pressures  were  lowered  In  alcro-g,  the  range  of  the  data  between  the  subjects 
decreased  (Figure  5  upper  part).  On  the  abscissa  In  Figure  5  the  values  extended  froa  +5.2  to  +15.2  ca  H20, 
In  space  (ordinate)  the  values  ranged  froa  3.9  to  7.7  ca  h20.  The  range  In  space  narrowed  to  3.9  cn  H20  dis¬ 
regarding  the  one  point  of  subject  MS  1,  whereas  on  ground  the  range  was  10  ca  H2Q.  Even  if  one  would  coa- 
pare  the  data  In-flight  with  the  PVP  values  on  ground  In  the  latter,  the  range  would  be  5.8  ca  H20  between 
the  4  subjects  (lower  part). 


Figure  6:  Upper  part:  CVP  values  pre-  and  post-flight  are  given  together  with 
the  in  venous  pressures  In-flight. 

Lower  part:  AON  values  as  collected  over  the  saac  tlae  span  as  above 
are  Included. 

f  igere  8  ia— ft  rates  la  the  upper  part  the  lowered  pressure  level  in  the  ana  veins  during  space  flight 
es  compared  ta  the  pre-fll^prt  date  of  the  CVP  aeasurtaeats.  The  tine  course  of  the  values  after  fli^it  bet- 
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ween  R  ♦  0  and  R  ♦  1  Is  Identical  to  what  was  seen  on  Figure  4.  In  face  of  these  findings  the  AVP  levels 
given  below  are  understandable.  In  the  pre-launch  phase  AVp  levels  ranged  between  2.2  pg/ml  to  3.7  pg/ml. 
All  In-flight  samples  obtained  showed  higher  values  as  compared  to  the  pre-launch  phase.  The  scatter  of  the 
data  was  higher  than  on  ground.  After  landing  (R  ♦  0)  In  all  cases  higher  AUH  levels  as  compared  to  F  -  1 
were  seen.  In  3  subjects  the  values  decreased  within  the  next  12  hours  (R  +  1),  but  Increased  In  one  sub¬ 
ject.  8  days  later  they  were  close  to  the  pre-flight  controls. 

discussion 


All  the  scheduled  experiments  In  the  ore-,  In-  and  post-flight  phase  could  be  performed  and  valuable 
data  were  obtained.  They  were  published  previously  In  a  short  communication  (10).  This  must  be  regarded  as 
a  success  having  In  mind  the  limiting  factors  outlined  above. 


The  signal  to  background  noise  ratio  1$  unfortunately  rather  low  during  such  a  study.  However,  the  ex¬ 
cellent  support  given  by  NASA  and  ESA  and  the  initiative  of  the  highly  motivated  astronauts  kept  the  back¬ 
ground  noise  on  the  lowest  possible  level.  On  the  other  hand,  the  experimenters  have  to  separate  the  Impor¬ 
tant  signals  from  the  background  noise.  In  this  respect  the  experimenters  notebook  Is  of  utmost  Importance 
describing  as  closely  as  possible  the  environmental  conditions  under  which  the  data  were  collected.  There¬ 
fore  no  data  had  to  be  disregarded  In  our  study.  The  simple  rules  In  doing  so  were  outlined  excellently  by 
ADOLPH  et  al.  and  his  associates  during  their  studies  In  the  desert  (1).  This  was  especially  Important  for 
our  study  since  we  were  dealing  with  parameters  of  the  salt-water  physiology  depending  very  much  on  the  hy¬ 
dration  level  of  the  body  and  the  temperatures. 

The  outcome  of  such  a  study  also  depends  on  the  definition  of  the  control  values.  As  far  as  the  CVP  and 
PVP  values  are  concerned,  we  had  up  to  5  data  points  In  the  pre-launch  phase  (Figure  2).  Despite  of  the  ex¬ 
pected  fluctuations  of  the  values  for  each  subject  a  baseline  could  be  established  (Table  1).  Therefore  the 
filling  up  of  the  extracellular  space  In  the  quarantine  phase  Indicated  by  Increasing  6W“s  and  venous 
pressures  and  decreasing  Hct's  (Figures  2,  3,  4,  6)  could  be  detected  and  taken  Into  consideration.  Compared 
to  the  values  on  F  -  8  and  F  -  1  tne  venous  pressures  In  space  were  mostly  substantially  lower.  At  least  for 
the  first  data  point  (MO  0)  22  hours  after  launch  due  to  the  fluid  shift  elevated  pressures  were  expected. 
Russian  authors  described  this  In  their  subjects  measuring  the  pressure  in  the  Ingular  vein  In  their  cos¬ 
monauts  (16,  22).  At  this  point  it  must  be  mentioned  that  the  Russian  cosmonauts  have  to  undergo  an  adaptive 
training  sleeping  In  head-down  position  In  the  pre-launch  phase  (KATHOV,  personal  coamunlcatlon) .  Thereby 
their  extracellular  space  might  have  been  depleted  to  a  certain  extend  so  that  the  control  values  for  the 
venous  pressures  were  lower  than  normal.  The  fluid  accumulation  in  the  upper  half  of  the  body  In  space  might 
then  lead  to  an  Increased  venous  pressure.  Therefore  their  data  cannot  be  used  in  connection  with  ours. 


If  we  had  based  our  expectations  on  the  results  of  8L0MQV1ST  and  his  group  (3,  4,  17),  who  used  the 
head-down  tlli  model  to  simulate  the  fluid  distribution  In  space,  our  results  would  not  have  been  a  surprise. 
These  authors  only  found  a  short  CVP  Increase  during  the  first  90  minutes  of  the  head-down  tilt,  later  the 
values  fell  even  below  the  controls.  The  latter  was  seen  by  us  even  If  we  would  compare  the  arm  vein  values 

against  the  CVP  values  on  ground  (Figure  4).  POURCELOf  et  al.  (18)  measuring  cardiac  dimensions  with  echo¬ 

cardiography  found  on  the  second  day  of  spaceflight  a  reduced  left  ventricle  systolic  and  diastolic  diameter. 
The  elevated  Hct  at  this  point  of  the  mission  Indicates, a  reduced  plasma  volume  (Figure  4).  Apparently  after 
the  fljild  mobilisation  from  the  lower  limbs  an  extravasation  of  fluids  occurs  Into  the  upper  half  of  the 
body  mainly  Into  the  tissues  of  the  head  and  neck  and  the  lungs.  Furthermore,  a  reduced  fluid  Intake  can  be 

assumed.  Despite  the  fact  that  exact  data  on  this  matter  are  not  available,  this  can  be  deduced  from  the 

findings  of  the  Skylab  Missions.  Here  already  very  early  a  reduction  of  the  body  mass  was  observed,  indica¬ 
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the  venous  pressures  (8). 
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negative  fluid  balance  (21).  All  factors  together  should  keep  the  plasma  volume  low  In  space  and  hence 


T|te  astonishing  fact  Is  that  the  low  pressure  system  reacts  in  such  a  dynamic  way  to  the  stimulus  of 
essness.  The  space  adaptation  of  this  system  apparently  takes  place  during  the  first  few  hours.  In 
ase  lasting  probably  only  six  hours  the  pressures  In  the  upper  parts  of  the  body  night  well  be  1n- 
as  compared  to  ground  values  but  this  must  be  shown  In  future  missions.  In  this  respect  our  results 

ffluence  the  time  line  of  future  missions.  Later  In-flight  the  values  are  not  only  lowered  but  also 
tter  of  data  Is  reduced  (Figure  5). 


Ik  this  due  to  the  fact  that  the  hydrostatic  component  of  the  Intravascular  pressure  Is  eliminated? 

In  spate  only  the  mean  circulatory  filling  pressure  which  depends  of  the  filling  volume  and  the  elastic  pro¬ 
perties  of  the  vessel  walls  together  with  the  hydraulic  pressure  generated  by  the  heart  determine  the  In¬ 
travascular  pressures.  Not  only  that  the  hydrostatic  factor  on  earth  often  introduces  errors  Into  the  measure¬ 
ments,!  this  factor  also  Induces  reflex  mechanisms  In  order  to  maintain  a  proper  cardiovascular  function 
(19,  2b).  It  might  well  be  that  with  the  elimination  of  the  hydrostatic  forces  the  cardiovascular  system 
reaches  an  equilibrium  with  a  minimum  activation  of  reflexes  so  that  the  scatter  of  the  data  Is  reduced. 

iln  the  light  of  the  data  of  venous  pressure  measurements  the  ADH  drta  (Figure  6)  fall  in  line  with  the 
GAUER-HENRY-hypothesIs  (6).  In  space  the  venous  pressures  are  low  and  hence  the  AbH  levels  should  be  high, 
which  ^as  the  case.  However,  th«s  would  be  a  very  simplistic  view.  Other  factors  like  the  plasma  osmolality 
might  'also  Influence  the  ADH  levels.  And  It  cannot  be  excluded  thet  the  symptoms  of  the  space  adaptation 
syndrotae  like  vomiting  and  nausea  right  have  had  Impact  on  the  AOH  levels,  fech  more  data  are  needed  tn 
proof  |or  disproof  this  hypothesis. 

The 
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ie  following  conclusions  seem  to  be  justified.  As  experimentation  in  space  in  the  future  tecomes  easier 
le  to  the  physiologists,  the  diff’cultles  reported  can  be  overcome  and  a  clearer  picture  of  the  human 
[logy  under  the  conditions  of  wei^ttlessness  emerges.  It  is  and  will  be  a  challenging  fielt  and  will 
surely  add  to  our  knowledge  about  man  on  earth. 
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DISCUSSION 


COLLIN,  PR 

Pour  aesurer  la  presslon  veineuse  centrals,  vous  prenez  la  presslon  veineuse 
plripherique  et  mlsurez  la  distance  pour  retrancher  la  preBaion  hydrostatique. 

II  reste  encore  un  facteur  qui  est  la  perte  de  charge.  Comment  pouvez  vous  la 
■esurer  ou  en  tenir  compte  puisqu'  elle  varie  suivant  la  vasomotr icit£  veineuse? 

AUTHOR'S  reply 

If  I  understand  you  correct,  you  want  to  say,  there  must  be  a  pressure  gradient 
between  the  peripheral  and  the  central  veins.  There  is  a  so  called  "dynamic  factor" 
in  the  venous  system.  However,  this  gradient  is  rather  low  and  should  not  be  mrire 
than  1  or  2  cm  HjO. 

COLLIN,  PR 

Ceci  est  tr4s  faible,  mais  toutefois  Important  vis  &  vis  de  la  tr&s  faible  pression 
veineuse  centrale.  L'  erreur  sur  la  presslon  veineuse  centrale  peut  done  'etre 
importante. 

SANDLER,  USA 

It  is  very  important  in  making  your  measurements,  to  know  the  position  of  the  heart 
within  the  chest.  How  did  you  determine  where  the  heart  position  was  before  flight? 
And  tdiat,  if  the  heart  moved  its  position  significantly  Inside  the  chest  during 
weightlessness?  Would  this  in  any  way  alter  your  measurements? 

AUTHOR'S  reply 

In  Space  the  hydrostatic  component  of  the  pressure  is  eliminated  therefore  the 
-..problem  you  address  is  only  important  for  measurements  on  ground.  On  ground  you  have 
to  know  where  the  heart  is  situated.  We  did  this  by  usual  anthropometric  means.  More 
impdrtant  is,  that  you  always  have  the  exact  distance  between  your  point  where  the 
heart  is  and  the  pressure  transducer.  If  this  is  defined  and  constant,  the 
fluctuations  you  see  are  due  to  a  physiological  factor  and  not  to  a  methodological 
error.  I  agree  that  the  absolute  height  of  the  central  venous  pressure  might  be 
slightly  different  of  what  you  might  have  obtained  if  you  could  have  used  an 
indwelling  catheter  in  the  right  atrium.  However  the  pressure  changes  you  observe, 
the  fluctuations  during  the  time  course,  you  can  pick  up  easily  with  our  method. 

SANDLER,  USA 

How  did  you  determine  clinically  the  position  of  the  heart? 

AUTHOR'S  reply 

The  usual  way,  by  percusion  and  auscultation. 

TERZIOGLU,  TU 

You  say,  there  was  an  increase  in  venous  pressure  just  before  launch.  Did  you 
measure  at  that  time  arterial  blood  pressure  and  arterial  blood  flow?  In  other 
words,  I  would  like  to  know,  whether  it  is  just  an  effect  of  stress. 

AUTHOR'S  reply 

We  measured  arterial  blood  pressure  which  did  not  show  any  change.  We  did  not 
measure  blood  flow.  However,  we  measured  cortisol  hormon  which  tells  us  something 
about  stress.  The  cortisol  levels  were  slightly  higher;  there  might  be  some  stress 
involved. 

TERZIOGLU,  TU 

My  question  concerns  not  only  your  presentation  but,  also,  some  of  those  delivered 
,-v  v»8terday.  I  was  quite  surprised  that  in  space  only  cardiovascular  parameters  are 

V  )  measured  but  obviously  not  parameters  of  the  respiratory  system.  Did  you  follow 

pulmonary  function  in  space? 

AUTHOR'S  reply 

No,  we  did  not,  3ince  we  did  not  have  time  to  do  so. 

TERZIOGLU,  TU 

There  was  an  increase  in  the  hematocrit  values  in  space,  which  as  you  pointed  out 
may  be  due  to  dehydration.  Was  plasm.,  volume  also  measured? 

AUTHOR'S  reply 

Plasma  volume  was  determined  before  launch  and  immediately  after  return,  not  in 
space.  It  decreased  about  10%  -  li%. 

TERZIOGLU,  TU 

Did  you  try  to  correlate  your  aldosteron  levels  with  the  levels  of  electrolytes? 
AUTHOR'S  reply 

Electrolytes  were  determined  by  Carolyn  Leach-Huntoon,  NASA  JSC,  Houston.  She  found 
a  slight  increase  in  the  sodium  levels  during  space  flights.  This  might  be  due  to 
the  hemoconcentration  and  the  water  loss  the  astronauts  experienced.  But  this,  of 
course,  does  not  explain  the  most  interesting  findings  after  landing. 
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and  see  what  this  does  to  your  measurement? 


AUTHOR  jj0*ejj*yhave  not  done  such  an  experiment. 


9-1 


THREE-DIMENSIONAL  BALLISTOCARDIOGRAPHY  IN  MICROGRAVITY  * 

Prof.  Aristide  SCANO1 2 3 4-  Dr.  fing.  Eduardo  RISPOLlf??  Dr.  P.  STROLLcj^-Dr.  G.  CAMA^ 
Summary 


Some  triaxial  ballistocardiograms  (BCG)  and  one  electrocardiogram  lead  have  been 
repeatedly  recorded  on  4  crew-members  of  the  Columbia  Shuttle  (GTS-9)  before  , 
during  and  after  a  microgravity  period  of  9  days. 

In  view  of  this  project  a  miniaturized  aecelerometrie  equipment  was  designed  and  ma¬ 
nufactured  so  as  to  pick-up  the  BCG  signal  from  the  dorsal  region  and  to  record  it  on 
a  magnetic  4-track  tape  recorder  .  A  special  sequence  was  devised  and  implemented  in 
the  various  flight  and  ground  stages.  The  measurements  carried  out  on  numerous  and 
long  tracing  samples,  previously  decoded  and  transcribed  on  paper  ,  proved  the  relia-- 
bility  of  this  technique  and  also  provided  us  with  the  following  results'.  . 

1.  The  amplitude  of  the  four  BCG  systolic  waves  is  — -  as  a  rule  —  higher  in  micro¬ 
gravity  as  compared  with  the  ground  basal  values  ,  but  it  decreases  together 
with  the  duration  of  the  flight.  This  can  be  observed  both  in  the  accelerations 
along  the  body  longitudinal  axis  (which  are  the  most  regular  in  all  the  explored 
conditions)  and  in  the  accelerations  along  the  transversal  and  sagittal  axes 

(  the  latter  being  almost  always  of  lower  amplitude  ). 

2.  Under  microgravity  conditions  we  noticed  that  also  the  ratios  of  the  relative 
amplitude  of  the  same  4  waves  resulted  to  be  modified  so  as  to  form  a  capital  M 
pattern. 

3.  The  sum  of  the  mG  amplitude  of  the  4  waves  recorded  along  the  3  body  axes  , 
shows  an  inverse  correlation  with  the  heart-rate. 


These  results  will  be  submitted  to  a  comouter  processing  as  soon  as  an  adequate  pro¬ 
gram  will  be  ready, 

The  Authors  deem  it  necessary  to  carry  out  a  second  space  experiment  having  the  "tar¬ 
geted"  objectives  provided  for  by  the  experience  resulting  from  this  research  ,  having 
a  general  character. 


I.  INTRODUCTION  AND  GENERAL  DATA 


The  research  that  was  carried  out  deals  with  one  of  the  most  peculiar  and  controver¬ 
sial  non-lnvaslve  methods  of  cardiovascular  function  exploration  ,  for  which  microgra¬ 
vity  is  a  unique  exoerlmental  condition  that  cannot  be  obtained  on  ground  :  the  balli¬ 
stocardiography  (BCG). 

Before  presenting  the  results  obtained  during  the  study  stage,  we  would  like  to  pro¬ 
vide  ycu  with  some  information  and  brief  considerations  on  the  specific  technical  and 
scientific  aspects  of  this  research,  on  the  experience  resulting  from  it  and  on  some 
cardiovascular  data  of  general  interest. 

1 .  Scientific  and  technical  aspects 

The  main  scientific  objectives  of  this  experiment  were  : 

-  numerous  recordings  of  the  BCG  tracings  along  the  3  body  axes,  by  means  of 
aecelerometrie  sensors  secured  to  the  back  of  the  subjects  during  the  whole 
microgravity  period,  together  with  one  ECG  lead  ; 

-  Collection  of  the  same  data  ,  from  the  same  subjects  ,  several  times  prior  to 
flight  and  after  re-entry  ,  so  as  to  compare  the  BCG  recordings  obtained  under 
substantially  equal  conditions  ,  the  only  difference  being  the  gravity  factor. 

The  aim  of  this  programme  was  to  obtain  more  information  on  cardiovascular  and 
fluid  adjustment  phenomena  during  space  flights  (and  on  readjustment  to  earth 
gravity  )  and  particularly  to  acquire  deeper  knowledge  of  the  physiological 


This  research  was  carried  out  thanks  to  the  financing  of  CNR-National  Space  Plain. 
Ground  experiments  have  been  carried  out  at  the  ISEF  laboratory  of  Applied  Physio¬ 
logy  in  Rome. 

1)  Director,  Postgraduate  School  of  Aerospace  Medicine,  Rome  University,  Principal 
■  Investigator  of  the  1ES  028  Project. 

2)  Head  of  the  Electrophysiology  Laboratory  of  1st  Oculistlc  Clinic  ,  Rome  University, 
Project  Manager. 

3)  M.D. , Pull  Assistant  in  INRCA  ,  Rome  ,  Co-investigator. 

4)  M.D.,  ISEF  Assistant. 
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meaning  of  the  various  waves  that  make  uo  the  BCG  signal  ,  after  assessing  their 
quantitative  features.  Due  to  these  reasons  we  studied  a  particular  recording 
sequence  including  periods  of  normal  breathing  ,  of  breath-holding  ,  of  the 
Valsalva  manoeuvre  ,  of  light  dynamic  exorcise  ,  of  short-lasting  Isometric  exer¬ 
cise  ,  and  also  a  change  in  body  posture  (crouched  posture). 

The  implementation  of  this  project,  both  on  ground  and  in  flight,  implied  our 
ability  to  overcome  difficulties  and  technicalities  that  could  hardly  be  thought 
of  when  Physiological  research  was  being  carried  out  in  a  ground  laboratory  ,  and 
it  also  required  our  working  out  of  new  original  procedures  and  techniques  in 
order  to  attain  the  target  aims.  Another  major  drawback  was  the  need  to  set  and 
establish  both  the  techniques  and  the  procedures  much  before  the  actual  execution 
of  the  experiment  ,  and  not  being  able  to  modify  them  in  the  light  of  the  results 
obtained  from  ground  experiments. 

The  materials  and  methods  have  already  been  illustrated  on  the  occasion  of  the 
Second  -luropean  Symposium  of  Life  Sciences  Research  in  Space  (  Pcrz-.tfhan  ,  4-6 
June  ,  19C4  ,  ESA  ),  thus  wa  will  here  simply  illustrate  the  essential  data.  Due 
to  fundamental  weight  and  feeding  requirements  ,  that  also  led  to  the  choice  of 
the  Kedilog  4-2  recorder  (  Oxford  .edioal  Systems  )  ,  we  adopted  the  ENTKAN 
damped  piezoresiotive  accclerometric  sensors  ,  though  we  knew  about  their  thermal 
and  aging  characteristics.  Doth  flight  equipment  and  Identical  models  were  desi¬ 
gned,  manufactured  and  calibrated  in  Rome  ,  by  the  CONBL  Company  ,  under  the 
supervision  of  the  Project  Manager.  The  general  features  are  : 

Equipment  made  up  of  two  parts  : 

a)  "dural"  plate  suitably  secured  to  the  back  of  the  subject,  supporting  the  small 

box  that  contains  the  3  sensors  set  in  a  triaxial  configuration  ,  their  respec¬ 
tive  preamplifiers  plus  one  SCG  preamplifier. 

b)  box  containing  the  amplifying  system  ,  active  filters  (passing  band  30  Hz), 

control  systems  and  a  4-track  miniature  tape  recorder  connected  to  the  other 
small  box  by  means  of  a  shielded  cable  measuring  3  metres  in  length. 

Other  features  of  our  equipment  were  : 

autonomous  feeding  -  3  volts  ;  recording  time  of  approximately  four  hours  (3  stan¬ 
dard  cassettes  of  90  minutes  each  );  overall  weight  of  2,700  grams  ,  alkaline 
batteries  being  included  (  Flg3  1  and  Z  ). 

Ground  recording  were  carried  out  by  means  of  a  suspended  cs.no  bed  secured  to 
four  thin  steel-cables  having  a  natural  frequency  of  about  0.29  Hz. 

The  recordings  of  the  triaxial  ECG  seouences  ulus  one  chest  EGG  lead  (  each 
having  an  average  duration  of  about  10  minutes  )  were  carried  out  on  the  2 
Payload  Specialists  and  on  the  2  r.ission  Specialists  ,  11  days  before  (F-11)  and 
then  again  24  hours  prior  to  the  flight  (F-1).  These  recordings  were  also  carried 
out  within  24  hours  after  re-entry  (R+0)  and  then  again  6  days  after  re-entry 
(R+6).  During  the  first  8  day3  of  flight  some  recordings  were  carried  out  cn  the 
PSs  starting  from  the  16th  hour  after  lift-off  (F-l)  ,  while  the  recordings 
carried  out  on  the  l'.Ss  began  from  the  5th  day  (F-2)  onwards.  The  total  number 
of  the  performances  wa3  14. 

The  sequence  was  inclusive  of  periods  of  approximately  30  seconds  of  soontareous 
breathing  ,  of  breath-holding  ,  of  a  Valsalva  manoeuvre  lasting  about  15  seconds  , 
of  a  light  physical  exercise  lasting  3  minutes  ,  of  1  minute  of  recovery  followed 
by  15  seconds  of  breath-holding  ,  of  a  short-lasting  isometric  contraction  of  the 
lower  limbs  and  ,  in  the  end  ,  the  assumption  of  a  crouched  posture. 
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2.  Acquired  experience 

This  topic  involves  some  aspects  that  are  common  to  all  studies  carried  out  on 
human  beings  ,  the  constraints  of  which  become  more  serious  due  to  the  space 
situation  (  potential  danger  of  electric  shock  provoked  by  equipment  or  static 
discharges  ;  offgassing  ;  dangerousnes3  of  unsecured  equipment  and  instruments  ; 
risky  manoeuvre  execution  ;  use  of  chemicals  ;  etc.  ).  Cur  experiment  also  invol¬ 
ved  some  specific  asoects  ,  which  can  be  listed  as  follows  : 

a)  requirements  that  were  not  fulfilled  during  flight  : 

-protracted  motionless  of  the  subject  who  is  not  secured  to  fixed  bearing 
systems  (  the  body  slowly  drifts  because  of  air  conditioning  system  and  of 
inertial  phenomena  due  to  slight  body  movements  and  to  respiration  )  ; 

-stretched  body  posture  at  rest  (  under  microgravity  conditions  the, subject 
assumes  a  spontaneous  semi-crouched  posture  ,  in  the  guise  of  a  primate  , 
and  a  voluntary  effort  of  the  anti-gravity  muscles  is  needed  in  order  to 
maintain  a  stretched  attitude  )  ; 

-  a  good  ECG  recording  (  our  recommendation  to  keep  the  adhesive  chest  electro¬ 
des  during  the  entire  flight  was  not  attended  ;  in  some  other  cases  the  elec¬ 
trodes  or  the  connectors  broke  loose  during  physical  exercise  and  were  later 
reattached  in  a  wrong  position  or  with  too  much  delay  )  ; 

-  reliable  BCG  tracings  during  or  after  certain  manoeuvres  in  the  experimental 


sequence  (  Valsalva  manoeuvre  ,  Isometric  contraction  ,  crouched  posture  )  :  we 
believe  that  this  is  a  consequence  of  severe  disturbances  caused  by  the  muscular 
movements  necessary  to  Implement  such  manoeuvres  in  the  absence  of  ground  support¬ 
ing  systems  ; 

-  effective  dynamic  exercise  (  we  had  to  give  up  a  hard  enough  one  in  order  not  to 
compromise  other  experiments  )  ;  in  this  case  there  has  been  a  further  drawback  , 
which  was  pointed  out  by  the  PSs  at  the  time  of  debriefing  ,  namely  the  eccessive 
compliance  of  the  elastic  bungee  that  was  on  board. 


b)  Operational  problems 

-  in  more  than  one  occasion  the  marker  system  acting  on  the  ECG  tracing  proved  to 
be  unreliable  due  to  the  absence  of  this  signal  or  due  to  occasional  operating 
errors  ; 

-  the  recording  of  the  single  steps  differ  both  on  ground  and  in  flight  performances; 

-  certain  performances  were  disturbed  by  ,  or  postponed  due  to  the  needs  of  other 
exoeriments  ; 

-  air-to-ground  voice  communications  were  inadequate  ; 

-  the  only  televised  communication  took  place  at  the  end  of  the  mission  ,  thus  the 
visual  information  was  obtained  with  delay  (  for  example  :  it  was  only  at  that 
time  that  we  could  observe  the  wrong  position  of  one  electrode  ). 

These  two  last  drawbacks  proved  to  be  particularly  disturbing  as  our  experiment 
could  not  be  monitored  or  televised  during  the  flight  stage  .  The  many  difficulties 
and  doubts  that  affect  our  research  in  its  present  stage  ,  suggest  us  that  the 
scientific  return  of  further  studies  in  this  field  ,  can  bo  improved  by  real-time 
transmission  of  recording  samnles  directly  as  electrical  signals  or  by  means  of 
an  adequate  on-board  monitor  system. 


II .GENERAL  CARDIOVASCULAR  AND  METABOLISM-RELATED  DATA 


It  is  common  knowledge  that  the  heart-rate  was  the  first  physiologic  parameter  to 
be  studied  and  monitored  on  soace  crews,  v.'e  will  here  give  a  short  account  of  this 
topic  as  we  have  obtained  data  that  can  prove  to  be  of  some  Interest  for  other 
experiments.  As  already  described  by  other  Authors  ,  we  noticed  that  under  micro - 
gravity  conditions  all  4  subjects  presented  some  decrease  in  heart-rate  together 
with  an  increasedheart-rate  variability  at  rest. 

Table  I  shows  the  average  values  of  the  five  conditions  (  resting  ,  Valsalva  , ■ 
post-Valsalva  ,  exercise  ,  recovery  )  that  were  recorded  in  different  days.  The 
heart-rate  trends  reported  during  the  various  performances  are  shewn  in  Figs  3-6  . 

Without  going  into  the  details  of  those  data  ,  we  will  sa;  that  the  average  rate 
in  microgravity  —  at  rest  — is  lower  than  11.4%  ,  as  compared  with  P-11  ,  and  that 
during  the  24  hours  that  followed  landing  this  rate  is  higher  than  10.1%  ,  though 
it  goes  hack  to  its  normal  values  in  the  recordings  that  were  mode  on  the  6th  day 
after  re-entry.  The  response  to  the  endothoraoic  pressure  Increase  ,  related  to 
the  Valsalva  manoeuvre  ,  was  of  about  +29%  (  min.  21.7  ;  max.  38.3  —  in  the 
youngest  subject  )  and  there  are  no  noticeable  differences  between  pre-flight  and 
po3t-fllght  heart-rates. 

On  the  contrary  ,  as  could  easily  be  expected  according  to  the  existing  literature, 
even  the  slightest  physical  exercise  caused  in  R+0  a  major  increase  in  heart-rate 
(  +73%  )  ,  which  becomes  even  higher  (+86%  )  if  compared  to  the  pre-flight  values 
at  rest. 

Anyway  ,  we  should  say  that  these  percentage  oscillations  are  but  trends  ,  given 
the  fact  that  a)  it  i3  very  difficult  to  carry  out  the  Valsalva  manoeuvre  obtaining 
always  the  same  increase  in  endothoracic  pressure  ,  even  in  the  case  of  well  trained 
subjects  as  ours  ;  b)  it  is  very  difficult  to  uniformly  carry  out  (  especially 
during  flight  )  the  kind  of  physical  exercise  that  was  chosen  to  conciliate  the 
various  requirements  ;  c)  before  our  experiment  the  subjects  carried  out  various 
activities  . 

Table  II  shows  the  BTPS  pulmonary  ventilation  ,  the  0-  consumption  and  the  respi¬ 
ratory  quotient  values'*’that  were  recorded  before  and  during  the  exercise  consisting 


^  ^  These  measurements  were  carried  out  in  the  NASA  laboratories  in  the  Dryden 
Flight  Research  Facility  (Edvards  A?B  ,  California)  and  in  the  Kennedy  Space  Center 
(  Cape  Canaveral  ,  Florida  )  by  Mr.  'ark  Timm  and  Mr.  Daniel  lost,  Jr.,  to  whom 
we  would  like  to  express  our  most  felt  gratefulness  . 
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of tte stretching  an  elastic  bungee  secured  to  the  floor  once  every  second  ,  for  a  time 
period  of  3  minutes.  Due  to  time  reasons  the  recovery  period  was  not  recorded  and, 
in  most  of  the  post-flight  exercises  ,  the  duration  wsb  reduced  because  the  subjects 
found  it  difficult  to  perform  them  while  standing. 

So  ,  as  a  matter  of  fact  ,  these  data  proved  to  be  useless  as  far  as  the  BCG 
research  was  concerned  ,  but  in  our  opinion  they  are  worth  knowing  because  they 
might  prove  useful  to  other  Investigators. 


Ill .BALLISTOCARDIOGRAPHY  RESULTS 


On  the  occasion  of  the  Porz-Whan  and  Anacapri  meetings  (  that  took  place  respect¬ 
ively  on  June  4th  and  June  14th  ,  1984  )  ,  we  illustrated  the  preliminary  results 
of  our  research  which  we  will  here  summarize  and  that  will  be  followed  by  the  pre¬ 
sentation  of  the  results  obtained  from  the  researches  that  were  carried  out  in  a 
later  stage  . 

The  work  that  has  been  carried  out  up  to  now  ,  that  is  to  say  BCG  complex  by 
complex  direct  measure  of  the  dimensions  and  ratios  of  the  4  (  and  sometimes  5  ) 
waves  that  make  up  the  systolic  fraction  of  the  signal  ,  was  made  on  the  3  "leads" 
that  were  obtained  and  that  correspond  to  the  body  accelerations  along  the  longi¬ 
tudinal  O’.)  ,  transversal  (Y)  and  sagittal  (X)  axes  ;  the  exact  timing  of  the  first 
positi.-s  wave  (H)  was  made  —  as  usual  —  at  the  beginning  of  the  S-T  oectlon  of 
the  EGG.'  The  wave  amplitude  was •  calculated  on  the  basis  of  the  calibration  factor 
of  the  recordihg  ,  decoding  and  printing  system  (  10  mm  shift  «  ImG  ).  This  measure 
0  G-H  «  H-I  ,  I-J  ,  J-K  )  is  relative  ,  not  absolute  ,  given  the  fact  that  a  stable 
bass. -line  is  not  available. 


A. Comparison  of  the  amplitude  of  the  tracings. 

tfhen  considering  the  4  subjects  and  the  longitudinal  BCG  axis  (Z)  (  which  in  gene¬ 
ral  gave  more  regular  signals  )  ,  during  breath-holding  and  resting  conditions  , 
the  sum  of  the  systolic  waves  (  from  H  to  K  )  according  to  the  final  calibration 
factor  ,  is  as  follows  : 


prior  to  flight  (P-1)  :  4.9±  0.9  ir.G 

during  the  first  2  days  of  flight  (P-I)  :  8.4±1.9  mG 
during  the  2nd  stage  of  the  flight  (F-E)  :  7. 5+1. 3  mG 
6  days  after  landing  (R+6)  s  4.4±1.3  mG 


The  tracings  that  were  collected  Immediately  after  the  exercise  are  —  in  general 
—  of  poor  quality  or  they  do  not  show  the  ECG  signal.  The  sections  that  could  be 
utilised  show  the  expected  increase  ,  which  is  more  evident  during  microgravity 
(about  ±  3  mG  as  compared  with  the  ground  variation). 

./hen  considering  the  amplitudes  in  function  of  the  age  of  the  4  subjects  ,  we  do 
not  obtain  any  reliable  relationship  ,  at  least  under  microgravity  conditions  , 
but  it  is  not  possible  to  raakeafinal  statement  on  the  basis  of  just  4  subjects 
whose  age  ranges  from  35  to  53  . 


B. Comparison  of  the  pattern  of  the  BCG  waves. 

Under  microgravity  conditions  ,  the  trend  of  the  systolic  section  of  the  BCG  is 
similar  to  the  one  that  was  recorded  on  the  ground  ,  but  the  amplitude  ratios  of 
the  4  main  waves  are  considerably  different  :  in  fact, in  the  first  case  ,  the  S 
axis  shows  a  relative  amplitude  increase  of  the  G-H  and  J-K  sections  as  compared 
with  the  lower  negativeness  of  I  ,  thus  the  tracing  assumes  the  shape  of  a  more 
or  less  asymmetric  capital  K  .  This  trend  was  described  some  30  years  ago  by  V. 
Hasini  who  worked  by  means  of  the  Starr  table  and  interpreted  it  as  the  expression 
of  a  reduced  ejection  force  of  the  left  ventricle  with  protraction  of  the  related 
time  ,  so  that  the  I  wave  results  to  be  less  deep  than  normal.  This  trend  is  more 
frequent  on  the  Z  axis  and  it  is  even  more  accentuated  towards  the  end  of  the 
flight. 

:,*e  studied  more  thoroughly  the  ratios  of  the  same  waves  by  extending  our  observa¬ 
tion  to  the  Y  and  X  axes  ,  which  under  microgravity  conditions  are  not  altered 
by  the  mechanical  bearing  systems. 

The  statistical  means  of  20  complexes  for  each  condition  are  shown  in  Table  ITI  , 
and  are  also  graphically  represented  in  Fig.  7  which  refers  to  the  BL  subject. 

The  comparison  refers  to  the  amplitude  ratios  of  the  4  waves  ,  at  the  beginning  (a) 
and  at  the  end  (b)  of  the  flight. 


A  first  result  concerns  the  relative  dimensions  which  are  very  similar  as  far 
as  the  2  and  Y  axes  are  concerned  ;  while  we  can  observe  that  the  amplitude  on 
the  X  axis  is  practically  half  of  the  others  (  see  Table  III). 

One  intersting  datum  comes  from  Table  IV  which  shows  the  sums  of  the  4  waves 
during  the  initial  phase  (a)  and  then  from  the  fifth  day  onwards  (b)  :  in  the 
second  phase  there  is  a  decrease  in  amplitude  of  about  28%. 
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‘When  plotting  the  mO  values  of  the  sums  of  the  BCG  of  the  waves  of  the  3  body 
axes  against  the  heart-rate  measured  on  the  same  complexes  ,  we  obtain  an  inverse 
correlation  which  is  more  or  l^ss  manifest  in  3  of  the  subjects  while  we  obtain 
none  in  the  fourth  subject  (  ?ig.  8  ). 

And  finally  , 1  the  ratio  between  the  sum  of  the  4  waves  and  the  body  weight  which 
could  be  correlated  to  the  ventricular  pov/erfand  partially  to  the  vascular  resi¬ 
stance  )  ,  gives  a  value  that  ranges  from  0.24  to  0.36  ,  with  the  exception  of 
one  caue  . 


This  ratio  shows  the  highest  values  at  the  beginning  of  microgravity  and  the 
lowest  values  at  the  end  of  microgravity  ,  but  the  values  of  the  body  mass  , 
during  flight  ,  are  still  missing. 


IV.  PINAL  CONSIDERATIONS 


The  data  obtained  directly  on  the  basis  of  the  decoded  tracings  that  were  collect¬ 
ed  by  means  of  the  flight  equipment  ,  provided  us  with  some  results  that  in 
our  opinion  are  quite  reliable. 

The  first  ,  though  apparently  obvious  ,  is  that  the  particular  mechanical  pheno¬ 
menon  ,  called  ballistocardiogram  ,  occurs  in  microgravity  in  a  similar  way  to  the 
one  that  occurs  on  ground.  This  coincides  with  the  Pioneer  studies  made  by  Beiseher 
and  Hixon  (1965)  ,  with  the  peculiar  recordings  of  Baevsky  and  Funtova  (1982)  and 
with  the  remarkable  self-observations  made  by  0.  Garriott  and  E.G.  Gibson  during 
the  various  Skylab  flights. 

A  second  fact  is  represented  by  the  Increased  overall  amplitude  of  the  4  BCG 
systolic  waves  during  microgravity  (  about  +71%  at  the  beginning  and  +53%  by  the 
end  ).  This  fact  had  already  been  pointed  out  by  us  and  it  is  3till  a  reliable  one 
also  when  considering  the  overall  sum  of  the  3  axes. 

We  do  not  know  whether  this  phenomenon  is  the  expression  of  an  Increase  in  the  ven¬ 
tricular  contraction  rate  (  which  was  also  reported  in  the  echocardiographic  exami¬ 
nations  made  by  Pourcelot  ),  or  of  variation  in  the  arterial  resistance  ;  or  of 
possible  modifications  of  the  body  mechanical  impedance  due  to  muscular  hypotonia  , 
to  a  change  in  body  posture  ,  to  the  complete  absence  of  any  damping  bearing  system 
or  ,  maybe  ,  to  all  of  these  factors. 

We  can  also  confirm  that  when  the  microgravity  period  was  extended  this  phenome¬ 
non  tended  to  attenuate  itself  but  was  still  above  "ground"  levels. 

A  third  fact  is  represented  by  the  inverse  correlation  (  at  least  on  3  of  the  4 
subjects  )  between  the  overall  amplitude  of  the  BCG  systolic  waves  and  the  heart 
rate.  This  fact  could  very  well  give  rise  to  some  considerations  on  the  relation¬ 
ship  between  the  BCG  and  the  stroke  volume  ,  but  we  dare  not  discuss  this  matter  , 
at  least  for  the  time  being. 

Some'  of  the  "oddities"  and  the  considerable  dispersion  of  our  data  can  certainly 
be  ascribed  to  the  slight  changes  in  the  body  posture  during  different  recordings 
(or  during  the  same  recording  )  or  even  to  the  setting  and  position  of  the  dorsal 
plate.  They  could  also  be  ascribed  to  the  physiological  effects  of  the  activities 
that  were  performed  immediately  before  ,  or  to  the  shift  and  consequent  reduction 
of  fluids  ,  etc.  As  a  consequence  of  this  ,  only  a  computerized  statistical  pro¬ 
cessing  of  these  data  will  be  able  to  confer  a  higher  reliability  to  our  results. 
Unfortunately  ,  we  were  not  able  to  satisfy  our  requirements  due  to  the  many  diffi¬ 
culties  that  arose  during  the  preparation  stage  of  a  programi  capable  of  "recognizing" 
the  reliable  sections  of  a  tracing  and  the  different  artifacts  ,  to  set  a  true  base¬ 
line  ,  to  find  out  the  magnitude  of  the  reading  "  window  ".  This  will  enable  us 
to  extend  our  research  to  other  factors  that  are  Involved  in  the  BCG  ,  the  trend 
of  the  acceleration  vector  in  the  3  space  dimensions  being  included. 

All  this  presupposes  not  only  a  further  examination  of  the  material  that  has  been 
collected  up  to  now  ,  but  also  the  carrying  out  of  a  new  experiment  ,  in  microgravl- 
ty  ,  that  should  be  free  from  most  of  the  drawbacks  that  alter  the  BCG  recording. 


Heart  rate  seaaured  on  ECG  recorded  in  the  5  conditions  below 


Table  II 

Pulmonary  ventilation,  0  consumption,  respiratory  quotient,  heart  rate  values  in  the  conditions  below 
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Table  IV 


Relationship  between  BCG  whole  accelerations  (  2  systolic  waves  in  aillic)  and 
bo^y  weight  in  kg 


2*ya  <H  -K) 

kg 

ratio 

Subj.:  BL 

a 

28,6 

85 

0,34 

b 

20, 5 

It 

0,24 

Subj.:  UM 

a 

17,2 

68 

0,25 

b 

16,3 

ii 

0,24 

Subj.:  HP 

a 

26,1 

73 

0,35 

b 

17,4 

i* 

0,24 

Subj . :  OG 

a 

34,6 

61 

0,56 

b 

22,3 

„ 

0,36 

Note :  a  > 

first  record; 

b  «  second. record 
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DISCUSSION 


KLEIN,  FRG 

You  mentioned  almost  no  difference  in  0,-uptake  during  exercise  in  space.  What  was 
the  exercise  level?  Was  it  submaximal  or  maximal? 

AUTHOR'S  reply 

In  order  not  to  disturb  other  experiments,  it  was  unfortunately  an  extremely  light 
exercise  with  the  arms,  only. 
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Sumwary. 

Among  the  electrophyslologlcal  parameters  which  are  used  to  de¬ 
fine  the  sleep  and  waking  states,  the  muscle  activity  (EMG)  and 
the  eye-movements  (EOG)  were  recorded  during  sleep  In  the  Space- 
lab  1  mission,  allowing  detection  of  Rem-sleep  but  precluding 
evaluation  of  slew  wave  sleep.  The  EOG  evidenced  an  Important 
Increase  In  the  number  of  eye-movements  during  night  zero  as  com¬ 
pared  to  the  pre-  and  postfllght  baseline  data.  The  waking  elec¬ 
troencephalogram  (EEG)  was  recorded  during  parabolic  flights  and 
showed  a  significant  Increase  In  the  theta  frequency  band  during 
the  acrophase  of  the  parabolas. 


1.  Introduction. 

The  purpose  of  the  experiment  was  to  study  the  effects  of  weightlessness  on  the  brain  of  a  crew  member 
during  sleep  and  waking.  In  fact,  during  sleep,  the  muscle  tone  (EMG)  and  the  eye-movements  (EOG)  have 
been  recorded  satisfactorily  on  the  Spacelab  1  mission  allowing  evaluation  of  Rem  sleep  but  the  absence 
of  a  reliable  electroencephalographlc  recording  (EEG)  precluded  evaluation  of  slow  wave  sleep.  The  wa¬ 
king  electroencephalogram  was  provided  by  recordings  which  were  taken  during  parabolic  flights  with  a 
different  subject. 

Contrary  to  the  traditional  assumption  according  to  which  the  cortex  becomes  activated  during  wakefulness 
and  Inhibited  during  sleep,  experimental  evidence  Indicates  that  cortical  reactivity  Is  greater  during 
the  periods  of  sleep  than  during  wakefulness. 

Moreover,  weightlessness  Implies  a  strong  stimulation  of  the  vestibular  system.  Animal  experiments  have 
suggested  that  the  eye  movements  of  Rem  sleep  reflect  the  phasic  activity  of  central  vestibular 
mechanisms  In  the  evaluation  of  sensory  Input  and  motor  output.  During  sleep  the  brain  stores 
Information  for  motor  adaptation,  for  memory  and  for  selective  attention.  Economic  and  optimality 
considerations  lead  to  the  hypothesis  that  all  Information  iriust  be  stored  In  a  manner  which  changes  as 
the  needs  and  environment  of  the  organism  change.  That  this  happens  by  way  a  programme  which  gives  rise 
to  the  storage  of  Information  has  been  first  hypothesized  by  Dewan  (1).  At  about  the  same  time  It  was 
shown  that  Rem-sleep  has  the  functional  neuronal  structure  necessary  for  the  "programming"  or  as  a  matter 
of  fact,  the  "reprogramming"  to  occur.  This  programme  Is  expressed  by  the  temporal  structure  of  the 
eye-movements  of  Rem  sleep  (2,  3). 

The  eye-movement  frequencies  of  Rem-sleep  have  been  utilized  for  measuring  the  changes  In  brain  activity 
during  sleep. 

Examination  of  the  Rem  frequencies  In  normal  and  disordered  systems  has  revealed  patterned  substrates 
underlying  behavioral  performances.  In  humans,  there  Is  evidence  that  In  Rem  sleep  the  eye  movement 
frequencies  higher  than  1  per  second  and  those  lower  than  1  per  2  seconds  have  different  functions. 
Results  Indicate  that  the  higher  frequencies  are  related  to  the  Integration  of  sensorl -motor  Information 
whereas  the  lower  frequencies  behave  as  random  noise  (2,  4).  The  higher  oculo-motor  frequencies  are 
decreased  when  cognitive  function  Is  impaired  (5).  They  are  Increased  as  a  function  of  succesful 
learning  (6).  The  ratio  between  the  higher  and  the  lower  frequencies  or  oculo-motor  Index  Indicates  the 
degree  of  menta1  entropy.  Moreover  the  evolution  of  this  ratio  as  a  function  of  age  puts  It  In  the 
category  of  genetic  functions.  This  Is  very  suggestive  of  the  synergetic  function  of  the  brain.  The 
oculo-motor  Index  is  an  order  to  noise  ratio  In  the  Rem  function  and  strongly  suggests  that  the  diurnal 
equivalent  of  Rem  sleep  Is  attention.  Attention  Implies  a  multiple  Input  system  which  selects  only  that 
Information  which  has  a  high  probability  of  being  useful  and  relevant  to  the  needs  of  the  organism  (1). 
That  particular  Information  In  space  Is  obviously  weightlessness. 

2.  Equipment  and  procedure 

Standard  Oxford  Medical  Systems  "Medllog  Mk  1"  4-channel  recorders  were  used,  but  some  modifications  were 
necessary.  The  usual  plastic  coated  cases  were  replaced  by  aluminium  with  an  anodised  finish.  The  major 
problem  was  the  necessity  to  find  an  alternative  to  the  mercury  batteries  normally  used.  Manganese  alka¬ 
line  batteries  were  adopted,  which  fitted  exactly  Into  the  normal  battery  space  after  reassembly  from 
3-cell  units  to  4  cell  units.  Fireproof  "Nomex"  pouches  were  made  to  replace  the  normal  leather  ones. 
The  electrode  leads  had  to  be  constructed  from  PTFE  rather  than  PVC  for  safety  reasons. 

The  recorder  was  set  up  for  the  sleep  study  using  2  channels  EEG,  1  EOG,  and  1  EMG.  There  were  2  small 
EEG  preamplifiers,  1x1x0. 2  cm.,  attached  next  to  the  electrodes.  The  tlmellned  maintenance  required  only 
two  procedures  per  24  hrs;  these  were  just  before  and  just  after  sleep  periods,  to  allow  change  of  tape 
and  battery  or  to  check  the  electrodes. 

The  EEG  was  provided  by  recordings  which  were  taken  with  a  Medllog  tape-recorder  similar  to  that  used 
during  the  SL1  mission  but  with  normal  mercury  batteries  and  PVC  electrode  leads. 

3.  Results 


3.1.  The  eye-movements  of  sleep 

In  the  evaluation  of  the  sleep  data,  two  variables  were  to  be  taken  Into  account:  a  12-hour  time  shift 
for  the  payload  specialist  (PS1)  who  carried  out  this  experiment  and.  zero  gravity.  Therefore,  several 
baseline  nights  were  recorded  prior  to  flight  at  F-120,  -60,  and  -30  days.  A  further  night  was  recorded 
after  the  shift  at  -5  days.  A  12-hour  time  shift  started  for  PS1  two  weeks  prior  to  the  launch.  After 
return,  further  nights  were  recorded  at  R+2  and  R+4,  but  we  must  bear  In  mind  that  the  effects  of  return 
to  gravity  were  compounded  with  the  effects  of  a  return  to  local  time.  For  various  reasons.  It  was  only 
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corded  satisfactorily  and  the  rapid  eye-movement  sleep  epochs  (REM's)  Mere  perfectly  clear. 

The  eye-movements  of  sleep  Increased  significantly  In  number  during  night  0,  but  returned  to  baseline 
level  on  night  1  (fig.  1).  On  night  0,  the  quick  nystagmic  components  and  fast  saccades  with  a  frequency 
higher  that  1  per  second,  outnumbered  the  slower  eye-movements  by  2  to  1,  but  the  oculo-motor  Index 
remains  within  the  pre-flight  norm.  On  night  1,  the  slow  and  fast  eye-movements  were  equal  In  number 
(fig.  2). 

After  return,  the  total  number  of  eye-movements  during  Rem  sleep  decreased.  However  on  R+2,  the  fast 
components  outnumbered  again  the  slow  rolling  eye  movements  and  Isolated  saccades  by  2  to  1  as  they  did 
on  night  0  In  Space.  Their  proportion  returned  to  normal  on  R+4. 

The  very  disclosure  of  a  pattern  In  the  Rem  that  clearly  differ  between  the  1st  and  the  2nd  night,  yet 
clearly  represent  a  similar  pattern  across  the  nights  In-flight  and  post-flight  Is  Indeed  challenging. 

The  electrorqyogram  allowed  to  differentiate  the  eye-movements  of  Rem  sleep  from  those  of  wakefulness. 
Muscle  tone,  which  Is  always  abolished  during  the  Rem,  can  temporarely  disappear  during  slow  wave  sleep 
but  muscle  artefacts  are  always  present  In  wakefulness. 

With  the  findings  made  In  both  the  GEMINI  and  the  SPACELAB  missions,  a  complete  picture  of  the  brain  ac¬ 
tivity  can  be  reconstructed  during  wakefulness,  slow  wave  sleep  and  Rem  sleep.  In  the  absence  of  gravi¬ 
ty.  The  recordings  were  complementary  Indeed.  In  the  Gemini  flight,  the  electroencephalogram  was  suc¬ 
cessfully  recorded  during  6  hours  of  sleep  and  showed  successive  90-100  min.  cycles  each  descending  Into 
deep  slow  waves  and  brief  periods  of  awakening  between  them.  However,  during  the  Gemini  mission  the 
eye-movements  and  the  muscle  tone  were  not  recorded,  precluding  evaluation  of  the  presence  of  Rem  sleep 
(7). 

3.2.  The  waking  electroencephalogram  (EEG). 

Fourier  analysis  of  the  mean  EEG  amplitude  spectrum  In  the  4-8  Hz.,  8-12  Hz.  and  12-16  Hz.  frequency 
bands  revealed  a  90  seconds  periodicity  corresponding  to  the  period  of  each  of  the  parabolas.  Carefull 
assessment  of  the  records  Indicated  Increased  amplitude  In  the  4-8  Hz.  theta  band  by  comparison  with  pre- 
and  post  parabolic  records  (fig.  3). 

Increase  In  the  EEG  theta  activity  has  been  documented  In  the  GEMINI  flights  and  In  Soviet  cosmonauts  In 
early  exposure  to  space  environment  Indicating  that  It  Is  a  physiological  response  to  the  weightless  en¬ 
vironment  (7).  Therefore  we  are  entitled  to  assume  that  the  90  seconds  periodicity  found  In  the  augmen¬ 
ted  theta  activity  during  the  parabolic  flights  correspond  to  the  zero-gravity  acrophase  of  the  parabo¬ 
las.  Our  knowledge  of  the  significance  of  theta  rhythm  In  normal  man  has  remained  small.  They  may  arise 
In  augmented  orienting  response  to  a  quite  unusual  experience. 

The  subjects  resting  EEG  was  clearly  normal  with  a  well  developed  alpha  rhythm  at  8-12  Hz.  having  an  am¬ 
plitude  spectrum  at  20-25  pv  (fig.  4). 

At  the  same  time,  -  and  Important  In  comparison  with  flight  records,  -  amplitudes  In  the  spectrum  4-8 
Hz.  were  low.  This  4-8  Hz.  theta  rhythm  activity  was  Increased  In  the  pre-take-off  period  over  baseline 
records.  The  Increased  density  broadened  to  Include  higher  frequencies  (12-16  Hz.)  as  take-off  became 
Imminent.  At  the  beginning  of  the  parabolas  the  theta  band  remained  with  similar  amplitude  whereas  a 
decrease  In  the  alpha  and  beta  bands  became  obvious.  These  findings  are  Interpreted  as  related  to 
strongly  focused  attention  and  orienting  response  In  an  undoubtedly  novel  situation.  They  closely  re¬ 
semble  the  normative  library  data  In  similar  situation.  During  1:he  parabolas  however,  the  power  In  the 
theta  band  increased  with  no  change  In  the  alpha  and  beta  frequency  bands.  Same  phenomenon  appears  In 
the  second  series  of  parabolas  performed  the  same  day  In  the  afternoon. 

The  alpha  and  beta  frequencies  decreased  at  landing  Indicating  a  renewal  In  focused  attention.  The  EEG 
In  the  pre-  and  post  nap  recording  closely  resemble  the  baseline  data. 

In  the  afternoon  series  of  parabolas  the  theta  waves  resume  the  same  course  of  evolution.  The  alpha 
rhythm  remains  stable  this  time  Indicating  that  habituation  has  occured. 

4.  Discussion. 

The  very  conplexlty  of  the  rapid  eye  movement  data  In  sleep  has  tradltlonnally  limited  their  evaluation 
to  the  simplest  parameters  and  the  correlates  with  behaviour  to  the  broadest  classifications.  Since  men¬ 
tal  processes  are  rapid  and  changing,  we  must  use  techniques  and  methods  that  are  equivalently  refined 
and  effective  with  epochs  of  data  only  a  second  or  so  In  duration  -  far  shorter  than  segments  of  records 
that  are  analysed  with  most  analog  computation.  Such  an  analysis  has  proven  frultfull  In  this  and  in 
other  studies,  where  visual  examination  of  a  paper  record  could  scarcely  provide  the  basis  for  an  Inter¬ 
pretation  (2,  3,  5,  6,  7).  From  an  anatomical  standpoint,  the  odulomotor  system  has  components  located 
at  many  different  levels  of  the  central  nervous  system  and  the  organisation  of  the  components  is  complex 
and  not  completely  understood.  Nevertheless  It  Is  possible  to  distinguish  components  operating  at  dif¬ 
ferent  functional  levels.  At  the  lowest  level  Is  the  final  common  pathway,  which  for  the  eye  movements 
of  all  kinds  must  be  neurons  In  the  cranial  nerve  nuclei,  since  the  motor  nerves  to  the  extra-ocular  mus¬ 
cles  arise  here.  These  nuclei  are  found  In  the  brain  stem.  At  the  same  anatomical  level  are  found  the 
vestibular  nuclei  which  are  well  known  to  have  a  powerful  Influence  on  the  generation  of  eye  movements. 
The  vestibular  system  Is  actively  Involved  In  the  process  of  sensorimotor  Integration  during  the  phasic 
activity  (1.1.  the  eye  movements)  of  Rem  sleep  (8).  Stimulation  of  the  vestibular  system  produces  an 
Increase  In  those  Rem  bursts  (9). 

Furthermore  Kornhuber  and  Da  Fonseca  have  shown  that  there  Is  no  cortical  representation  of  vestibular 
nystagmus  to  be  found  at  the  cortex  (1G)»—  On  the  other  hand  the  visual  cortex  fires  In  a  definite  rela¬ 
tionship  to  the  eye  movements  of  sleep  (11). 

Concerning  our  EEG  data,  It  may  be  assumed  that  they  reveal  patterned  substrates  of  behavioural  perfor¬ 
mance  to  the  extend  that  the  brain's  electrical  activity  mirrors  transactional  processes  at  the  cortical 
level . 

Some  sleep  EEG  patterns  may  provide  Information  on  potential  behavioural  reactions.  He  should  remind  the 
extreme  paucity  In  the  12-14  Hz.  sleep  spindles  In  the  Payload  Specialist's  (PS1)  baseline  recordings. 
To  the  extend  that  these  spindles  may  be  considered  as  a  corollary  discharge  signal.  Informing  the  sub¬ 
ject  about  the  relative  head  and  body  positions,  their  absence  may  shed  some  light  on  the  astronaut's 
resistance  to  motion  and  space  sickness. 

The  sensitivity  of  the  brain  to  zero  gravity  has, clearly  reveale<  changing  states  of  activity  as  a  func¬ 
tion  of  changes  In  the  environment  as  provocative  as  any  other  In  the  age-old  history  of  the  evolution  of 
man. 
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Fig.  4.  EEG  mean  ampll  tilde-spectrum  (In  pv)  In  parabolic  flights.  The  data  repre¬ 
sent  each  the  mean  amplltudespectrum  sampled  over  a  period  of  280  seconds 
at  various  times  during  and  between  the  parabolas. 


DISCUSSION 

SCANO  Itllv 

My  question  is  pechaps  a  naive  one i  Did  you  try  to  ascertain  the  dream  contents  of 
your  subjects  in  the  various  conditions  studied? 

The  question  refers  to  the  well  known  relationship  between  the  dream  subject  and  the 
daily  activity,  mental  engagement  or  emotional  situations,  like  those  we  can  expect 
in  a  Scientist  Astronaut. 

AUTHOR'S  reply 

No,  we  did  not.  The  reason  is,  that  in  order  to  get  information  on  the  content  of 
the  dreams,  the  subject  has  to  be  awawken  during  the  phase  of  rapid  eye  movements. 
Therefore  the  sleep  architecture  has  to  be  disrupted.  The  experiment  on  SL-1  aimed 
at  collecting  information  on  sleep  with  one  variable  only,  namely  microgravity,  and 
to  compare  it  with  similar  uninterrupted  sleep  epoches  pre-  and  post-flight. 

TERZIOGLU,  TU 

Besides  EEG,  EOG,  EMG  did  you  record  cardiovascular,  respiratory  or  other 
parameters  in  REM  and  NREM  sleep  stages? 

AUTHOR ' S  reply 

Yes,  the  ECG  has  been  -*corded  in-flight  Curing  sleep  and  wakefulness,  as  well.  The 
changes  in  the  ECG  fr>/'Vncy  as  a  function  of  sleep  have  been  well  documented.  They 
allowed  us  to  determk,/  in  space  the  total  sleeping  time  in  one  of  the  payload 
specialists.  We  must  remind  that  in  the  absence  of  a  reliable  in-flight  EEG 
recording  during  Bleep,  the  total  sleeping  time  was  only  evaluated  by  the  EOG  and 
the  EMG  and  could  not  be  but  underestimated.  Indeed,  if  a  normal  subject  wakes  up 
spontaneously  during  a  REM-stage  he  always  falls  asleep  in  slow  wave  sleep. 
According  to  Oswald,  the  first  REM-stage  is  preceded  by  45  min  of  slow  wave  sleep. 

TERZIOGLO,  TU 

How  often  did  you  observe  REM  stages  in  space? 

AUTHOR'S  reply  , .  „  . 

The  number  of  REM-stages  in  space  on  night  1  was  similar  to  baseline.  On  night  o 
however  the  number  of  stages  is  meaningless,  for  REM  sleep  occupied  504  of  the  total 
sleeping  time  which  was  120  min  according  to  our  EOG/EMG  criteria  and  147  min 
according  to  the  ECG  criteria. 

TERZIOGLU,  TU 

How  would  you  explain  your  results  in  terms  of  the  new  neuro-pharmacological  theory 
of  the  sleep-wakefulness  cycle? 


AUTHOR'S  reply 

I  an  rather  reluctant  to  Interprate  the  SL-1  results  on  the  eye-movements  during 
sleep  in  neuro-pharmacological  terms.  The  neurol-humoral  theories  have  been 
established  in  animals,  mainly  rats  and  cats. 

However,  in  previous  studies,  we  have  administred  5-Hydroxytryptophan  (5-HTP),  a 
Serotonine  precursor,  to  mongoloids  with  the  consent  of  their  parents.  He  have 
noticed  an  increase  in  the  number  of  sleep  spindles  and  in  the  bursting  of  the  eye- 
movements,  as  well,  without  changes  in  REM  per  cent.  5-HTP  produces  an  increase  in 
the  rhythmic  activity  of  the  brain  in  REM-  and'  in  NREM-sleep,  as  well.  The 
classification  of  sleep  in  stages  or  states  is  not  refined  nor  effective  enough, to 
account  for  the  features  of  brain  activity.  The  rhythmic  activity  of  the  brain  might 
b«  a  mean  by  which  the  brain  assures  that  the  information  is  repeated.  It  may  be  a 
system  by  which  engrams  are  formed  (Andersen  and  Andersson,  1968).  Implicit  in  this 
is  the  fact,  that  undisturbed  spindle-  and  eye-movement-bursts  are  essential  for 
learning  (Petre-Quadens,  1969). 

ROSS,  OK 

How  important  do  you  think  were  the  circadian  shifts  for  your  Spacelab  subjects? 

AUTHOR'S  reply 

Since  the  circadian  shift  was  in  principle  180  for  one  of  the  crews,  there  was  an 
important  adaptation  to  be  expected,  for  most  of  the  biological  rhythms.  Sleep  is 
closely  dependent  upon  the  body  temperature  and  Interacts  with  the  hormonal 
rhythms.  Let  me  remind  you,  that  the  time  shift  was  installed  for  our  subject  2 
weeks  before  launch. 

It  is  now  clear  that  at  least  four  hormonal  systems  have  tempore1',  patterns  of 
secretion  that  are  closely  linked  to  the  24,  hour  sleep-waking  activity  in  man.  No 
single  principle  or  mechanism  can  explain  these  patterns  but  rather  each  system  has 
its  own  temporal  organisation  and  responses  to  manipulations  of  the  sleep-waking 
cycle.  For  Instance,  growth  hormon  appears  to  be  intimately  associated  with  a 
specific  sleep-stage  in  relation  to  the  period  after  sleep  onset,  and  its  release 
can  be  readily  shifted  by  shifting  the  time  of  sleep.  Prolactin  is  released  in  large 
quantities  throughout  the  night  in  an  episodic  manner  with  initiation  at  the  time  of 
sleep  period  (Weitzman  et  al.,  1974).  There  is  preliminary  evidence  that  shift  of 
sleep  maybe  accompanied  by  a  shift  in  the  release  patterns.  The  importance  of 
biological  organisations  of  neuroendocrine  systems  in  relation  to  time  is  clear. 

ROSS,  UK 

The  shift  cannot  have  been  12  hours  both  in  Houston  and  California,  and  probably  was 
less  in  both.  Does  the  precise  timing  matter?  If  so,  can  you  find  out  from  the  crew 
or  other  sources  exactly  what  the  shift  was  in  both  directions  ? 

AUTHOR'S  reply 

Decrements  of  performance  have  been  documented  in  East-West  flights  involving  only 
an  8  hours  transition.  Hauty  and  Adams  (1966)  claim,  that  it  is  the  time  zone 
transition  itself  and  not  the  mere  fatigue  of  flying  which  is  mainly  responsible  for 
the  impaired  performance  following  flights  along  the  Est-West  meridian.  Preston 
(1974)  has  used  an  artificially  controlled  environment  to  stimulate,  the  time 
change.  Decrements  in  performance  have  been  reported  across  tasks,  ranging  from  17% 
to  38%.  Therefore,  I  do  not  think  that  the  precise  timing  matters  very  much. 
However,  there  is  good  relationship  between  body  temperature  and  performance  such 
that  when  temperature  is  highest  during  the  24  hours,  performance  is  most  efficient 
(Kleitman  et  al.,  1950).  Furthermore,  sleep  onset  can  only  occur  with  a  lowering  of 
the  body  temperature.  When  the  temperature  raises  the  subject  wakes  up. 
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SENSITIVITY  OP  HUMAN  LYMPHOCYTES  TO  MICROGRAVITY  IN-VITRO 
AUGUSTO  COGOLI 

Laboratorium  fUr  Bicchemie,  ETH-Zentrum,  CH-8092  ZUrich 


SUMMARY 

The  purpose  of  this  paper  is  to  describe  our  studies  on  the  effect  of  gravity  cn  lympho¬ 
cytes,  the  cells  responsible  for  the  immune  response.  A  decrease  of  lymphocyte  reactivi¬ 
ty  has  been  observed  since  1973  in  Soviet  and  U.S.  astronauts  after  space  flight. 
Ground-based  studies  performed  in  hypergravity  and  in  simulated  low- gravity  conditions 
suggest  the  hypothesis  that  low-g  depresses,  whereas  high-g  increases  lymphocyte  acti¬ 
vation. 

Cultures  of  human  lymphocytes  were  flown  in  an  incubator  on  the  1st  Soacelab  mission 
and  exposed  to  the  mitogen  concanavalin  A,  a  substance  capable  of  activating  lymphocytes 
in-vitro.  The  stimulation  of  the  flight  samples  was  less  than  3  percent  of  that  of  the 
ground  controls. 

Although  the  results  are  very  clear,  it  is  premature  now  to  draw  conclusions  from  this 
experiment  on  the  effect  of  space  flight  on  the  immune  system  of  the  astronauts.  Future 
investigations  on  the  D-l  and  Spacelab-4  missions  should  clarify  the  problem  on  the  be¬ 
havior  of  lymphocytes  during  and  after  space  flight. 


INTRODUCTION 

Over  twenty  years  of  manned  space  flight  have  demonstrated  that  man  can  easily  survive 
and  work  in  weightless  conditions.  However,  a  number  of  physiological  changes  may  affect 
crew  performance  in  space.  Beside  the  well  known  disturbances  of  the  vestibular  and 
cardiovascular  systems,  bone  demineralisation,  and  decrease  of  red  blood  cell  masn, 
certain  Immunological  alterations  have  been  observed  in  space  crews  after  flight.  One 
of  them  is  the  reduction  of  lymphocyte  reactivity  to  mitogens.  This  aspect  was  and  will 
be  the  subject  of  our  investigations  in  the  Spacelab. 

Although  the  immunological  changes  never  had  consequences  on  the  health  of  astronauts, 
they  clearly  indicate  that  the  efficiency  of  the  immune  system  is  Influenced  by  space 
flight.  Is  it  weightlessness  per  se?  is  it  stress?  We  are  trying  to  give  an  answer  to 
these  questions. 

The  advent  of  the  space  shuttle  as  an  operational  vehicle  for  working  in  space,  the 
prove  that  Spncelab  is  a  useful  tool  for  performing  scientific  experiments  in  several 
disciplines,  and  the  recent  decision  of  building  a  permanent  manned  space  station  will 
require  that  a  much  broader  community  of  scientists  and  technicians  than  in  the  past 
will  spend  prolonged  periods  of  time  in  space.  This  may  imply  that  the  criteria  for  phy¬ 
sical  certification  of  astronauts  will  be  less  severe.  In  addition,  physiological  chan¬ 
ges  which  wers  judged  minor  or  not  alarming  so  far,  cannot  be  ignored  in  future. 

Here  I  present  the  experimental  approach  and  the  results  of  our  experiment  with  lympho¬ 
cytes  on  Spacalab-1  and  a  description  of  the  experiments  to  be  performed  on  the  D-l  and 
Spacelab-4  missions  in  1985  and  1986  respectively.  In  addition  I  give  an  account  of  our 
ground-based  studies  in  hypergravity  and  at  simulatod  low-g. 

WHAT  ARE  LYMPHOCYTES? 

Lymphocytes  are  the  cells  in  our  blood  responsible  for  the  immune  response,  which  reacts 
to  body- foreign  substances  called  antigens.  Structures  (receptors)  that  specifically  re¬ 
cognise  the  aatigens  are  localised  on  the  cell  surface.  The  interaction  between  antigens 
and  receptors  triggers  lymphocytes  to  proliferate  and  to  produoe  antigen- specif ic  anti¬ 
bodies.  The  diameter  of  resting  cells  is  about  7um  and  increases  in  activated  lymhpocyte 
to  15pm.  Infectious  bacteria  are  typical  antigens  recognised  by  lymphocytes. 

A  similar  reaction  can  be  triggered  in-vitro  wnen  lymphocytes  are  exposed  to  certain 
substances  called  mitogens.  In  fact,  lymphocytes  are  easily  isolated  from  peripheral 
blood  by  density  gradient  centrifugation  and  kept  alive  in  culture  medium  for  several 
days.  Mitogens  are  proteins  or  polysaccharides  of  plant  or  bacterial  origin  having  the 
property  of  cross-linking  sugar  moyeties  on  the  cell  membrane  and  thus  bringing  about, 
through  a  still  unknown  mechanism,  lymphocyte  activation  in-vitro.  Lymphocytes  can  be 
divided  in  twjc  major  subpopulations,  the  T-  and  B- lymphocyte s .  The  B-cells  are  involved 
in  the  synthesis  and  secretion  of  the  antibodies  (humoral  immune  response),  the  T-cells 
are  regulating  the  cellular  immune  response,  i.e.  the  rejection  of  grafts,  the  secretion 
of  a  number  of  factors  like  interferon,  and  they  play  a  key  role  in  the  activation  of 
B- lymphocytes.  In  our  studies  we  use  as  mitogen  concanavalin  A  (Con  A),  a  protein  iso¬ 
lated  from  jack  beans,  a  widely  used  T- lymphocyte  mitogens. 

Maximum  activation  in-vitro  is  usually  observed  on  the  third  day  of  culture.  The  acti¬ 
vation  can  be  accurately  measured  by  Incubating  the  cultures  with  a  radioactive  consti¬ 
tuent  of  the  cell.  Tritiated  tyhmidine  is  a  component  of  desoxiribonucleic  acid,  a  kind 
•of  biological  software  in  which  all  information  needed  by  the  cell  is  stored.  Thymidine 
is  incorporated  into  activated  cells  at  a  much  higher  rate  (100  to  200x)  than  into  re¬ 
sting  cells.  ^H- thymidine  is  easily  measured  in  a  liquid  scintillation  counter. 
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The  tranaition  from  resting  status  to  stimulated  lymphocyte  is  an  example  of  cell  dif¬ 
ferentiation.  The  in-vitro  activation  of  lymphocytes  by  mitogens  can  therefore  be  re¬ 
garded  as  a  good  model  for  testing  the  efficiency  of  the  Immune  response  and  for  the 
study  of  the  mechanism  of  cell  differentiation,  the  latter  being  one  of  the  most  in¬ 
teresting  topics  in  biology  today. 

CHANGES  OF  LYMPHOCYTE  FUNCTION  IN  SPACE 

In  this  paragraph  I  briefly  describe  what  has  been  observed  by  other  investigators  on 
the  effect  of  space  flight  on  lymphocyte  activity. 

As  described  above,  the  test  generally  used  is  based  on  the  activation  of  T-  and/or 
B-cells  with  mitogens  in-vitro,  and  the  parameters  measured  are  desoxirlbonucleic  or 
ribonucleic  acid  synthesis  using  radioactive  thymidine  or  uridine  respectively  as  pre¬ 
cursor. 

The  first  report  on  a  reduction  of  the  efficiency  of  lymphocytes  after  space  flight 
appeared  in  1973  by  Soviet  investigators  (1):  the  lymphocytes  from  cosmonauts  of  the 
Soyuz  6,7,  and  8  missions  showed  a  depressed  reactivity  toward  T-mitogens.  Similar 
effects  were  later  observed  on  several  U.S.  and  Soviet  missions  and  are  summarised  in 
Table  1.  and  reviewed  in  Ref. (2). 


Table  1.  Effect  of  Space  Flight  on  T- lymphocyte  Reactivity  (2) 


MISSION 

DURATION 

(days) 

DEPRESSION 

Soyuz  6,  7,  8 

5 

YES 

Apollo  7-13 

6-12 

NO 

Skylab  II,  III,  IV 

28,59,84 

YES 

Apollo-Soyuz 

9 

YES 

Salyut  4 

30,63 

YES 

Salyut  6 

140 

YES 

Salyut  6 

96 

NO 

Space  Shuttle  STS-1, 

2,  3,  4  2-8 

YES  (Ref.  3) 

Cultures  of  lymphocytes  purified  from  blood  samples  drawn  from 
crew  members  before  and  after  flight,  but  not  during  flight, 
were  exposed  to  mitogens.  Activation  was  measured  by  incorpora¬ 
tion  of  labeled  precursors  into  DNA  or  RNA. 

In  total,  41  U.S.  astronauts  and  12  Soviet  cosmonauts  were 
tested. 


No  manned  U.S.  space  missions  took  place  between  the  Apollo-Soyuz  flight  in  1975  and 
the  1st  space  shuttle  flight  in  1981.  With  the  beginning  of  the  shuttle-era  lymphocyte 
efficiency  is  regularly  tested  after  each  flight.  Taylor  and  Dardano  have  reported  re¬ 
cently  on  the  results  obtained  with  lymphocytes  from  the  blood  of  the  8  astronauts  who 
participated  to  the  first  4  flights  (3^:  the  post- flight  activation  is  reduced  by  18 
to  61  percent  at  optimum  mitogen  concentrations  and  after  optimum  incubation  times. 
According  to  the  authors  the  post-flight  changes  are  correlated  with  the  subjectively- 
evaluated  increase  in  the  incidence  of  in-flight  stress  and  not  to  hypogravity. 

In  general,  recovery  of  lymphocyte  performance  to  normal  pre- flight  levels  is  observed 
two  weeks  after  landing. 

Concentrations  of  immunoglobulins,  the  antibodies  secreted  by  B- lymphocytes,  were  also 
determined  in  the  blood  of  flight  crews.  No  -significant  changes  of  IgG  and  IgM  levels 
were  found  in  the  Apollo  astronauts,  the  same  is  reported  for  all  immunoglobulin 
classes  after  the  Skylab  missions.  A  large  increase  of  IgA,  IgG  and  IgM  serum  concen¬ 
trations  was  observed  after  the  49-day  Salyut  flight.  This  effect  ha3  been  put  in  re¬ 
lationship  with  the  secretion  of  autoantibodies  against  degradation  products  from  the 
atrophy  of  skeletal  muscles  occuring  during  space  flight. 

Immunoglobulin  levels  were  also  determined  in  the  blood  of  4  crew  members  of  the  1st 
Spacelab  mission.  Specimen* obtained  prior  to,  during  and  after  flight  were  analysed 
for  total  antibody  content  as  well  as  for  specific  antibody  activities.  Quantitation 
of  immunoglobulins  G,  M,  A,  D,  and  E  indicated  relatively  minor  fluctuations  in  the 
concentration  of  each  class  of  immunoglobulin  during  the  experiment.  Thus,  microgravity 
effects  on  immunoglobulin  levels  during  the  10-day  flight  were  considered  insignificant 
(4) . 

T-lymphocytes  can  be  induced  in-vitro  to  produce  a- interferon  by  a  procedure  similar  to 
that  used  for  mitogenic  activation.  A  number  of  different  substances,  among  them  T-mi¬ 
togens,  can  be  used  as  inducers,  a- interferon  production  has  been  studied  in-vitro  with 
lymphocytes  drawn  from  cosmonauts  prior  to  and  after  flight  on  the  space  station 
Salyut-6  (5).  Newcastle  Disease  Virus,  UV- inactivated  was  used  as  inducer.  In  two  sam¬ 
ples  the  production  of  interferon  was  significantly  lower  after  flight,  in  the  other 
two  it  remained  unaltered.  The  same  authors  determined  also  the  synthesis  of  interferon 
by  lymphocytes  from  normal  donors,  i.e.  not  from  crew  members,  cultured  on  board  of  Sa¬ 
lyut-6  in  the  presence  of  four  different  inducers.  In  the  flight,  samples  production  of 
interferon  was  almost  five  times  higher  than  in  the  ground  controls  (5). 


GROUND-BASED  STUDIES 


By  ground-based  studies  I  mean  experiments  which  are  performed  in  a  common  laboratory 
on  earth  and  not  in  space.  On  the  ground,  hypergravity  can  be  generated  in  centrifuges, 
whereas  hypogravity  can  be  simulated,  but  not  reproduced,  in  clinostats.  Experiments 
in  space  are  much  more  valid  when  supported  by  studies  performed  in  the  ground  labora¬ 
tory. 

In  1977,  when  our  proposal  "Effect  of  weightlessnasr  on  lymphocyte  proliferation"  was 
selected  by  the  European  Space  Agency  (ESA)  for  flight  on  the  1st  Spacelab  mission,  we 
began  with  the  study  of  the  behavior  of  animal  ani  human  lymphocytes  cultured  in  hyper¬ 
gravity  (between  4  and  15xg).  My  interest  in  this  subject  was  triggered  by  the  thought 
that  having  been  gravity  constant  throughout  millions  of  years  of  biological  evolu¬ 
tion,  alterod  gravitational  conditions  wculd  have  an  important  influence  on  living  or¬ 
ganisms.  Soon  we  discovered  that  lymphocyt'  activation  was  remarkably  enhanced  in  cul¬ 
tures  exposed  to  Con  A  and  kept  at  lOxg.  The  study  was  extended  to  other  cell  systems 
as  described  In  Fig.  1.  In  any  case  tested  cell  proliferation  was  enhanced  by  20-3094 
(6).  However,  to  our  great  surprise,  glucose  consiuaption  in  the  medium  remained  the 
same.  An  explanation  of  this  apparent  contradiction  was  found  by  tracking  cell  move¬ 
ments  at  high-g  on  the  bottom  of  culture  flasks  coated  with  colloidal  gold.  With  HeLa 
cells  we  found  that  cell  motility  is  nil  at  lOxg,  therefore  more  energy  is  available 
to  proliferation  (6).  This  is  an  important  finding,  suggesting  that  the  cell  is  capa¬ 
ble  of  adapting  to  hyper-g  by  changing  some  important  functions  like  motility  and  di¬ 
vision. 
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Figure  1.  Effect  of  hypergravity  at  lOxg  on  cell 
proliferation.  HeLa  cells  are  a  common  and  well 
kown  lint  of  human  tranformed  cells}  CEF,  chicken 
embryo  fibroblasts,  are  an  example  of  non- trans¬ 
formed  cells}  SGS-3  are  cells  from  a  sarcoma  of 
a  rat  strain  called  Gallieraf  FBU  3b  are  Friend 
leukemia  virus  transformed  cells,  an  example  of 
alow  growing  cells. 

Results  are  expressed  as  percent  of  the  corres¬ 
ponding  lxg  control,  indicated  by  the  shadowed 
area.  In  HeLa  cells,  CEF,  and  SGS-3  cells  proli¬ 
feration  was  measured  after  24  h  (void  bars)  and 
48  h  (hatched  bars)  incubation  time  respectively, 
in  FBU  3b  cells  on  day  4  (void  bar)  and  5  (hat¬ 
ched  bar)  of  incubation.  Human  lymphocytes  were 
activate  1  by  exposure  to  Con  A,  cell  activation 
was  measured  on  day  2  (void  bar)  and  3  (hatched 
bar)  of  culture,  (from  Ref.  6). 


Hyper-g  effects  are  more  dramatic  when  whole  blood  cultures  are  exposed  to  Con  A  at 
lOxg.  Whole  blood  cultures  are  obtained  by  diluting  peripheral  blood  1  to  10  with 
culture  medium  instead  of  purifying  the  lymphocytes  on  a  density  gradient.  In  whole 
blood  cultures  lymphocyte  activation  is  more  than  trebled  by  hypergravity( A.  Cogoli 
and  A.  Tschopp,  unpublished  observations).  We  do  not  know  yet  the  reasons  of  this  ef¬ 
fect.  It  is  possible  that  certain  blood  components,  e.g.  red  blood  cells  or  hemin, 
which  are  not  present  in  purified  lymphocyte  preparations,  nave  a  co-mitogenic  effect 
at  hyper-g.  In  fact,  hemin  has  been  identified  as  a  macrophage-dependent  T-cell  mito¬ 
gen  (7).  The  use  of  whole  blood  cultures  is  due  to  the  fact  that  we  will  test  the  ef¬ 
ficiency  of  lymphocytes  from  crew  mem-'ers  in-flight  on  two  Spacelab  missions  in  1985 
and  1986.  Limitation  of  equipment  and  of  crew  time  make  a  purification  of  lymphocytes 
in-orbit  impossible. 

The  rapidly  rotating  clinostat  is  a  device  designed  to  provide  "functional  weightless¬ 
ness.  In  fact  gravity  is  transformed  from  a  vector  into  a  scalar.  Since  flight  opp^.r 
tunities  for  biological  experiments  in  space  are  still  rather  rare,  clinostats  offer 
a  useful  way  to  perform  exploratory  investigations  in  simulated  microgravity  cor.di- 
dlons.  While  the  launch  of  Spacelab-1  suffered  several  delays  between  1979,  the  year 
in  which  it  was  originally  scheduled,  and  1963,  we  investigated  the  behavior  of  human 
lymphocytes  exposed  to  Con  A  in  the  rapidly  rotating  clinostat  (8).  As  shown  in  Fig.  2 
activation  was  depressed  by  5094  as  compared  to  the  lxg  controls. 

In  conclusion,  the  results  of  our  ground-based  experiments  led  us  to  fcrr-ulate  the 
hypothesis  that  microgravity  depresses,  hypergravity  increasse  cell  proliferation  rate. 
The  effect  appears  to  be  more  relevant  in  cells  undergoing  differentiation  rather  than 
in  those  undergoing  normal  division  cycles. 

HUMAN  LYMPHOCYTES  IN  SPACELAB-1 

We  had  the  opportunity  of  testing  our  hypothesis  under  real  microgravity  conditions 
during  the  first  Spacelab  mission  launched  on  November  28  1983.  The  main  objective  of 
the  experiment  was  to  establish  if  lymphocytes  in  culture  are  sensitive  to  microgravi¬ 
ty  per-se. 

The  whole  design  of  the  experiment,  i.e.  hardware  and  flight  operations,  was  very  sim- 
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Figure  2.  Effect  of  simulated  Oxg  on  lympho¬ 
cyte  activation.  Human  lymphocytes  were  exposed 
to  mitogenic  concentrations  of  Con  A.  Activa¬ 
tion  was  measured  after  2  and  3  days  of  incuba¬ 
tion.  Microgravity  was  simulated  in  a  rapidly 
rotating  clinostat. 

The  results  are  expressed  es  percent  of  activa¬ 
tion,  taking  as  1009$  activation  that  of  the 
control  at  lxg  on  the  third  day  of  cultivation. 
The  standard  deviations  are  calculated  from  4 
experiments  with  lymphocytes  from  different 
donors. 


DU"  pie  In  fact,  complicated  instruments  are  fre¬ 

quently  subject  to  irremediable  failures  in  spa¬ 
ce.  This  is  due  mainly  to  the  fact  that  biolo- 
:::  .  gical  experimentation  in  orbit  is  still  at  the 

beginning.  Therefore  the  biologist  used  to  much 
•H  more  sophisticated  experiments  which  are  easily 

iii:  performed  in  his  laboratory  on  the  ground  should 

_  _  be  aware  of  the  problems  existing  when  working 

in  a  space  laboratory.  The  situation  will  rapid- 
:i:  ly  change  in  future  since  ESA  and  NASA  are 

doing  considerable  efforts  to  improving  the  con¬ 
ditions  for  biological  and  biomedical  experimon- 
::::  tation  in  space. 

_ The  equipment  used  in  this  experiment  was  de¬ 
signed  and  manufactured  in  our  laboratory.  It 
iii:  consisted  essentially  of  a  carry-on  incubator, 

iii  a  front  panel  and  four  cell  culture  chambers 

•  iij  fixed  in  a  block  cf  aluminum  (Fig.  3  and  4). 

tui,  tiiii  I  1  In  the  incubator  the  temperature  can  be  kept  at 

37°C  eitn-ir  by  means  of  a  battery  power  (up  to 
48  72  h  24  h)  or  a  Spacelab  power  (28V  DC).  The  incuba¬ 

tor  can  be  fixed  to  its  front  panel  mounted  in 
a  rack  in  the  Spacelab  module.  The  front  panel 
carries  the  electronic  box  with  the  connectors  to  Spacelab’ s  power  bus  and  to  the 
remote  acquisition  unit  (RAU).  The  RAU  connection  delivers  a  temperature  signal  to  the 
ground  control  station  at  Johnson  Space  Center.  A  crucial  problem  in  developing  the 
hardware  was  the  design  cf  the  culture  chambers.  We  had  to  satisfy  the  safety  require¬ 
ments  of  NASA,  to  select  materials  non  toxic  to  lymphocytes,  and  to  take  into  consi¬ 
deration  t/.«  peculiar  properties  of  the  weightless  environment  In  terms  cf  mixing  of 
fluids  and  air  bubbling.  After  having  tested  about  50  materials  (metals  and  plastics) 
for  biological  compatibility,  we  made  culture  flasks  of  Teflon  reinforced  with  25% 
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Figure  5.  Flight  hardware  of 
the  experiment  in  Spacelab. 
Open  incubator  mounted  in  its 
front  panel.  The  incubator 
contains  4  culture  chambers, 
one  set  cf  12  syringes,  3  for 
each  culture,  and  tools  for 
inflight  operations, in  the 
11  . 


Figure  4.  Flight  hardware  of 
the  experiment  in  Spacelab. 
Carry-on  incubator  (25x17x17 

_ J  -Z  C  1,m\ 


car  and  weighing  3.5  kg),  alu 
minum  block  with  4  cell  cul¬ 
ture  flasks,  and  open  flask. 


Table  2.  Protocol  of  the  Experiment  in  Spacelab-1 


TIME 

Hours  before/after  launch 


ACTIVITY 


L  -  22  h  Blood  draw  from  a  healthy  male  donor 

L  -  13  h  Lymphocytes  are  purified  on  a  density  gradient  by  centri¬ 

fugation 

L  -  7  h  The  cultures  are  sealed  in  their  containers,  stowed  in 

the  incubator,  and  delivered  to  the  launch  pad 

L  -  6  h  The  incubator  is  stowed  in  a  midded~k  locker  of 

Columbia 

The  incubator  is  transfered  into  the  module  of  Spacelab, 
installed  in  the  front  panel  ,  and  the  experiment  is  ac¬ 
tivated  by  injection  of  Con  A  into  the  cultures 

After  69  h  incubation  at  37°C,  labeled  thymidine  is  in¬ 
jected  into  the  cultures 

L  +  77  h  The  experiment  is  terminated  by  injection  of  hydroxy- 

ethylstarch  as  cryopreservative  of  cell  ultrastructure 
and  the  cultures  are  stowed  in  a  liquid  nitrogen  free¬ 
zer  — 

1  h  after  landing  The  flight  samples  are  returned  to  the  investigat-rn 

after  a  10-day  mission 

A  synchronous  control  experiment  was  run  in  the  ground  laboratory  at  fen-iedy 
Space  center  with  cultures  from  the  same  batch  of  cells  in  an  identical  incubator. 
Data  analysis  was  performed  in  Zurich  6  days  after  the  end  of  the  mission. 


L  +  6  h 

L  +  75  h 


glass  fiber.  Basically,  they  consist  of  a  cylindrical  contain  er  (?ig,  4)  \  nich  can  be 
filled  with  maximally  1?  ml  of  culture  and  hermetically  sealed  with  a  pis'  on.  Reagenes 
can  be  injected  into  the  chamber  by  means  of  syringes  through  a  tnick  memo. 'an e  made  of 
silicone  rubber.  The  piston. can  move  up  and  down,  thus  compensating  variations  of  vo¬ 
lume.  More  details  of  the  hardware  are  given  in  Ref.  (9). 

An  incubator  unit  identical  to  that  flown  in  Spacelab  was  tested  3  months  before  du¬ 
ring  the  8th  space  shuttle  flight  on  board  of  Challenger.  There,  we  investigated  the 
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The  experimental  approach  consisted  essentially  of  exposing  lymphocytes  in  culture  to 
mitogenic  concentrations  of  Con  A  during  space  flight,  and  of  measuring  activation  by 
incorporation  of  tritium- labeled  thymidine  into  desoxyribonucleic  acid. 

The  incubator  contained  4  cell  cultures,  syringes  with  Con  A,  'h- thymidine,  and  h’droxy- 
ethylstarch  (HES) .  HES  is  a  substance  commonly  used  in  solution  as  plasma  substitute 
in  transfusions  and  has  also  the  property  of  preserving  the  integrity  of  the  ultra- 
structure  of  human  cells  when  these  are  frozen  in  liquid  nitrogen.  Pre-  and  in-flight 
operations  are  summarised  in  Table  2.  13  h  before  launch, lymphocytes  were  purified  from 
human  blood  and  resuspended  in  culture  medium  at  a  final  concentration  of  2  millions 
cells  per  ml.  Portions  of  the  culture  were  sealed  in  8  flasks  (8ml/flask):  A,B,C,  and 
D  were  the  ground  control  samples  and  E,F,G,  and  H  the  flight  samples.  6  h  after  lift 
off  the  experiment  was  activated  by  injection  of  Con  A  (25  pg/ml)  into  tnree  flight 
and  three  ground  cultures.  The  fourth  ground  (A)  and  flight  (E)  cultures  were  unstl- 
mulated  controls.  After  69  h  of  incubation,  radiolabeled  thymidine  was  injected  into 
cultures  to  give  4  pCi/ml.  Two  hours  later  HES  was  added  to  a  final  concentration  of 
14# .  Air  was  let  into  the  flasks  and,  after  vigorous  shaking,  the  cell  cultures  were 
stored  in  liquid  nitrogen  freezers  both  on  board  and  on  the  ground  until  the  end  of 
the  mission.  Finally,  13  days  after  completitlon  of  the  experiment  all  cultures  were 
simultaneously  thawed  and  prepared  for  analysis. 

The  main  results  are  given  in  Fig.  5.  The  activation  of  the  flight  samples,  is  less 
than  3#  that  of  the  ground  controls  (Fig.  5a).  However,  the'  cells  survived  the  space 
flight,  since  the  glucose  consumption  is  only  slightly  lower  in  the  flown  than  in  the 
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Figure  5.  Lymphocyte  activation 
induced  in  microgravity  on  Space- 
lab.  Cultures  of  human  lympho¬ 
cytes  were  exposed  to  mitogenic 
concentrations  of  Con  A  in  ground 
samples  B,C,  and  D  and  in  flight 
samples  F,G,  and  H  respectively. 
Samples  A  (ground)  and  E  (flight) 
were  unstimulated  controls. 


a.  Activation  measured,after  69  h 
incubation  at  37°C  as  3H- thymi¬ 
dine  incorporation  into  desoxy¬ 
ribonucleic  acid. 


b.  Glucose  remaining  in  the  me¬ 
dium  measured  by  the  glucose  de¬ 
hydrogenase  method  (6).  The  ini¬ 
tial  concentration  of  glucose  in 
the  medium  was  1100  mg/liter.  The 
standard  deviation  of  triplicate 
samples  is  given,  except  for  sam¬ 
ples  A,E,F,G,  and  H  in  a.,  for 
which  it  was  too  low  to  be  shown 


here . 


GROUND  FLIGHT 


ground  flight 


ground  samples  (Fig.  5b).  A  significant  glucose  consumption  by  unstimulated  cells  is 
not  surprising  since  resting  lymphocytes,  like  all  other  cells  in  culture,  need  a  remar¬ 
kable  amount  of  glucose  for  survival.  A  further  argument  in  favor  of  our  results  is 
that  a  relevant  number  of  radiolabeled  nuclei  is  detected  by  autoradiography  in  the 
lymphocytes  exposed  inflight  to  Con  A.  Again, this  indicates  that  cells  were  viable 
throughout  the  experiment  and  that  thymidine  uptake  was  not  altered  in  microgravity. 

See,  for  more  details,  Ref.  (10). 

Although  the  results  are  unequivocal,  I  note  that  they  are  from  a  single  experiment 
and  therefore  need  to  be  checked  on  future  missions. 

In  the  discussion  of  our  results  I  assume  that  the  constituents  of  cosmic  radiation 
which  can  penetrate  the  culture  flasks  -  that  is,  high-charge  and  high-energy  particles 
such  as  iron  nuclei  -  do  not  play  a  relevant  role  in  this  experiment.  In  fact,  the  pro¬ 
bability  that  a  significant  number  of  resuspended  cells  are  hit  by  the  radiation  in 
cultures  containing  16  millions  cells  per  flask  is  extremely  low. 

As  discussed  above,  a  decrease  of  lymphocyte  reactivity  was  expected,  i.e.  our  hypothe¬ 
sis  on  the  effect  of  gravity  on  cells  has  been  confirmed,  however,  the  extent  of  the 
depression  is ' surprising.  Lymphocyte  activation  is  triggered  by  at  least  two  signals. 

In  this  experiment,  the  mitogenic  signal  is  delivered  specifically  to  T-lymphocytes  by 
Con  A  through  its  binding  to  glycosidic  residues  on  the  cell  membrane  followed  by  pat¬ 
ching  and  capping.  Patching  and  capping  are  typical  phenomena  due  to  the  migration  • 
on  the  cell  surface  and  to  the  cross-linking  of  the  receptors  recognised  by  Con  A 
which  carries  four  binding  sites  for  mannose  and  glucose.  The  second  signal  may  be  de¬ 
livered  by  factors  produced  by  macrophages  (which  are  always  present  in  lymphocyte  cul¬ 
tures)  and/or  by  subpopulations  of  T-lymphocytes  (interleukins).  A  third  signal  may  be 
required  and  delivered  through  direct  cell-cell  contacts,  although  the  finding  of  high 

rt-Ti,i4-oH  on  fow  as  ‘jD  thousands  cells  per  ml  does  not  support 
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microgravity,  the  third  signal  may  be  hindered  since  cell-cell  contacts  may  be  less 
probablo  in  lymphocytes  suspended  at  Oxg.  However,  the  following  considerations  Indicate 
that  cell  contacts  must  also  occur  in  microgravity:  (i)  aggregates  of  cells,  a  typical 
consequence  of  intercellular  binding  through  Con  A,  were  formed  in  microgravity  (10), 
(it)  the  experiment  performed  on  the  8th  space  shuttle  mission  showed  that  contacts 
between  cells  and  microcarrier  beads  are  at  least  as  effective  in  space  as  on  the 
ground  (A  Tschopp  et  al.,  unpublished  results),  (iii)  passive  cell  movements  in  the 
medium,  which  may  contribute  to  establish  contacts,  are  not  hindered  by  gravitational 
forces,  (iv)  calculations  based  on  the  volume  of  the  flask  and  the  cell  concentration 
show  -hat  the  average  statistical  distance  between  cells  was  less  than  0.05  mm  in  our 
cultures,  and  (v)  considering  the  various  signals  involved  in  activation,  it  is  impor¬ 
tant  to  note  that  the  comparative  results  in  Fig.  5a  are  consistent  with  activation 
being  an  all-or-none  phenomenon. 

OUTLOOK 

Although  our  observations  are  in  agreement  with  the  results  found  with  lymphocytes  taken 
from  crew  members  after  space  flight,  we  cannot  extrapolate  the  data  derived  from  ex¬ 
periments  in-vitro  to  changes  occuring  in-vivo.  Experiments  planned  for  the  D-l  and 
Spacelab-4  missions  in  1985  and  1986  should  clarify  the  question  of  lymphocyte  efficien¬ 
cy  in  space.- 

Both  experiments  consist  of  two  different  functional  objectives: 

1.  Like  the  experiment  on  Spacelab-1,  cultures  of  lymphocytes, prepared  on  the  ground, 
will  be  exposed  in-flight  to  Con  A,  however,  activation  will  be  determined  after  24, 

48,  72,  and  96  h  of  incubation.  This  will  permit  to  establish  wheter  the  cell  cycle, 

1. e.  the  biological  clock  of  the  cell,  is  modified  by  altered  gravity  conditions.  On 
both  missions,  control  cultures  will  be  incubated  in-flight  at  lxg  in  a  reference  cen¬ 
trifuge.  In  addition,  three  more  g-levels  will  be  provided  on  board  Spacelab-4  by  a 
"multi-g"  centrifuge,  namely  0.5,  1.5,  and  2xg.  thus  permitting  a  broader  study  of 
g-effects  on  cells. 

2.  Whole  blood  cultures  of  samples  from  four  crew  members  will  be  exposed  to  Con  A 
pre- flight  at  launch  -  10  days,  -  1  day, in-flight  at  launch  +  3  days,  and  after  flight 
at  landing  +  1,  +7,  and  +10  days.  This  approach  should  permit  to  discriminate  between 
effc.ts  of  stress  and  effects  of  weightlessness  per  se  on  the  lymphocytes  of  astronauts. 

COhCLJUiONS 

ionside:  '.-ig  what  is  presently  known  about  the  behavior  of  cells  at  different  g- values, 

W3  can  a  relatively  consistent  picture  into  which  our  results  from  Spacelab-1  fit 
ver'  well.  A  high-g,  cells  divide , faster  at  expense  of  reduced  motility,  since  energy 
.consumption  vemains  the  same.  In  microgravity,  lymphocyte  show  a  dramatic  reduction  in 
proliferation  rate,  reduced  glucose  consumption,  but  a  strong  increase  of  Interferon 
-lecretion.  As  seen  in  an  experiment  performed  on  Skylab  in  1973  (11),  WI-38  human  em¬ 
bryonic  lung  cells,  which  differ  from  lymphocytes  in  that  they  do  not  undergo  differen¬ 
tiation  steps,  grow  and  move  normally  at  Oxg,  but  they  also  consume  less  glucose. 

In  conclusion,  most  of  the  cells  investigated  appear  to  be  sensitive  to  gravity,  the 
effect  seems  to  be  stronger  with  cells  such  as  lymphocytes,  which  are  transformed  by  mi¬ 
togens  from  a  dormant  to  an  activated  state  - 

The  results  we  have  obtained  so  far  have  contributed  to  an  increase  in  the  knowledge  of 
the  influence  of  gravity  on  basic  cellular  mechanisms,  to  clarifying  certain  biomedical 
aspects  of  the  effect  of  space  flight  on  the  immune  system,  and  to  developing  useful 
biotechnological  processes.  Although  the  mechanisms  involved  in  gravitational  effects 
on  ■'ells  are  still  unknown  and  a  gravity  sensor  has  not  yet  been  identified,  we  can  con¬ 
duce  on  the  basis  of  results  to  date  that  cells  are  sensitive  to  gravity. 
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DISCUSSION 


(SPEAKER  unidentified ) 

You  said  that  high  acceleration  activates  lymphocytes.  It  that  also  true  for  high 
pressure,  for  instance,  during  therapy  in  hyperbaric  chambers? 

AUTHOR'S  reply 

1  am  not  able  to  answer  your  question,  because  I  do  not  know.  The  only  relation  I 
have  in  my  experiments  to  pressure  is  that  we  cultured  lymphocytes  under  a  column  of 
water,  because  we  thought  that  the  effect  we  saw  during  centrifugation  might  be  an 
effect  of  hydrostatic  pressure  which  we  have  also  on  the  centrifuge.  But  nothing 
happened  in  lymphocytes  cultured  under  a  column  of  liquid. 

VAN  DEN  BIGGELAAR,  NL 

Is  it  possible,  that  other  human  cells  than  lymphocytes  can  be  activated  by  G 
forces,  for  instance  bone  or  cartilage  forming  cells? 

AUTHOR'S  reply 

Yes,  our  experiments  (Experientia  39: .  1323-1329 ,  1983)  at  10  G  with  HeLa  cells 
(human  tumor),  CEF  (chicken  embryo  fibroblast3) ,  SGS  cells  (rat  tumor),  FBU  cells 
(human  virus  transformed  cells)  confirm  that  generally  hypergravity  stimulates  cell 
proliferation.  The  effect  seems  to  be  stronger  on  differentiating  cells.  We  will 
extend  our  investigations  to  other  cells  and  other  methods.  We  want  to  understand 
what  happens  in  the  cells  biochemically.  We  think  that  there  is  a  change  in  the 
metabolism  of  the  cell  under  high  acceleration. 

VAN  DEN  BIGGELAAR.  NL 

What  is  the  most  effective  acceleration  value  for  stimulating  cell  activity,  and 
how  long  must  the  G  force  be  applied? 

AUTHOR'S  reply 

The  G  levels  tested  on  human  lymphocytes  range  between  2  G  and  15  Gj  at  20  G 
lymphocytes  do  not  survive.  The  cells  were  cultured  for  3  days  in  the  centrifuge. 
There  is  no  correlation  between  G  level  and  extent  of  the  effect,  i.e.  it  is  an  all 
or  nothing  effect.  In  preparing  experiments  for  the  German  Spacelab  Mission  D-l,  we 
have  exposed  whole  blood  without  mitogen  at  10  G  for  24  hours.  If  you  than  go  back 
to  1  G  and  add  mitogen,  the  effect  of  high  G  is  still  there:  obviously,  the  24  hours 
"preconditioning"  at  10  G  are  sufficient  to  prime  human  lymphocytes  with  a  high  G 
effect.  But  this  is  so  only  with  whole  blood. 


BIOSTACK  EXPERIMENTS  ON  STS-FLIGHTS  AND  THE  IMPACT  FOR  HAN  IN  SPACE 


H.  Slicker 

Biophysics  Olv.,  DFVLR,  Institut  for  Aerospace  Medicine, 
Linder  Hohe,  5000  Koln  90,  FRG 


SUMMARY 

The  radiobiological  properties  of  the  heavy  Ions  of  cosmic  radiation 
were  Investigated  on  Spacelab  1  by  use  of  biostacks,  monolayers  of 
biological  test  organisms  sandwiched  between  thin  foils  of  different 
types  of  nuclear  track  detectors.  Biostacks  were  exposed  to  cosmic 
radiation  at  several  locations  with  different  shielding  environments 
In  the  module  and  on  the  pallet.  Evaluations  of  the  physical  and 
biological  components  of  the  experiment  to  date  indicate  that  In 
general  they  survived  the  spaceflight  in  good  condition.  Dosimetric 
data  are  presented  for  the  different  shielding  environments.', 


INTRODUCTION 

Humans  In  spaceflight  are  exposed  to  two  Important  sources  of  potentially  detrimen¬ 
tal  effects:  (1)  the  cessation  of  the  gravitational  stimulus  to  which  they  are  normally 
adapted,  and  (11)  Ionizing  cosmic  radiation.  On  the  earth  people  in  industrial  coun¬ 
tries  are  exposed  and  possibly  adapted  to  an  average  radiation  dose-equivalent  estima¬ 
ted  as  2.4m$v  per  year  /!/,  whereas  measurements  in  the  near-earth  orbits  of  Skylab 
yielded  exposure  levels  between  200  and  800  mSv  per  year  121.  It  is  not  this  quantita¬ 
tive  Increase  In  intensity  that  merits  special  attention,  however,  since  according  to 
current  radiation  protection  standards  even  this  several  hundredfold  Increase  would  not 
prohibitively  limit  man's  sojourn  in  space.  It  Is  the  radiobiological  quality  of  nu¬ 
merically  minor  components  of  the  cosmic  radiation  field  which  uniquely  distinguishes 
It  from  the  terrestrial  radiation  environment  and  which,  since  the  beginning  of  manned 
spaceflight,  has  prompted  the  special  attention  of  radiation  biologists  /3/.  In  the 
context  of  radiation  protection  the  radiobiological  quality  is  expressed  in  terms  of 
the  dimensionless  quality  factor  q,  by  which  the  amount  of  physically  absorbed  radi¬ 
ation  as  measured  in  grays  (1  Gy* jouleVkg)  Is  to  be  multiplied  in  order  to  yield  the 
biologically  relevant  dose-equivalent  in  sleverts  (Sv)  / 5 / .  The  physical  quantity  by 
which  Ionizing  radiations  of  different  quality  are  conventionally  distinguished  is  the 
spatial  density  of  ionizations  engendered  in  the  irradiated  material,  which  in  turn  can 
be  expressed  by  their  linear  energy  transfer  (LET),  usually  given  in  keV  per  micrometer 
of  tissue  or  MeV*cm2  per  gram.  The  densely  ionizing  heavy  ions  (also  called  HZE 
(high  charge  and  energy)  particles)  and  the  disintegration  stars  of  nuclear  reactions 
Induced  in  irradiated  matter  present  an  obstacle  to  a  comprehensive  and  consistent 
assessment  of  the  radiation  hazards  In  manned  spaceflight.  The  LET  of  the  cosmic, heavy 
ions  extends  to  such  large  values,  where  both  the  spatial  and  temporal  pattern  of  ener¬ 
gy  deposition  become  extremely  inhomogenous ,  that  the  very  definition  of  absorbed  dose 
as  a  measure  of  radiation  exposure  and  also  the  concept  of  the  quality  factor  become 
inapplicable  / 6 / .  The  pragmatic  approach  of  setting  aside  these  fundamental  conceptual 
difficulties  and  converting  the  measured  macroscopic  spatial  and  temporal  "averages"  of 
"absorbed  dose"  distributions  over  LET  into  biological  "dose-equivalents"  by  means  of 
accepted  Q(LET)  relation  / 7 /  remains  problematic,  since  (i)  the  data  base  on  which 
these  relations  rest  does  not  cover  the  ionization  densities  typical  of  cosmic  heavy 
ions,  ( i 1 )  LET  a  one  does  not  provide  a  unique  measure  of  radiation  quality,  and  (iii) 
a  unified  theoretical  understanding  of  radiation  quality,  which  might  allow  extrapola¬ 
tions,  has  yet  to  be  achieved.  These  problems  were  recognized  in  a  report  of  the  U.S. 
National  Academy  of  Sciences  on  HZE  particle  effects.  The  report  concluded  that  in 
order  to  assess  the  radiation  hazards  of  these  HZE  particles  to  man  exper, mental  knowl¬ 
edge  of  their  radiobiological  effects  must  be  advanced  by  spaceflight  experiments  and 
groundbased  experiments  at  suitable  particle  accelerators  (which  at  that  time  just 
became  operational)  and  that  these  experiments  must  permit  evaluation  of  the  radiobio¬ 
logical  effects  of  single  HZE  particles  on  individual  biological  cells  /  8/ .  The  re¬ 
quirement  was  realized  for  the  first  time  in  space  by  the  Biostack  experiment  onboard 
Apollo  16  79,10/.  The  results  of  subsequent  spaceflight  experiments  on  the  last  lunar 
mission  of  Apollo  17  / 1 1  /  and  the  earth-orbital  Apollo-Soyuz  mission  / 1 2 /  emphasize  the 
important  role  of  single  heavy  ions  onto  dramatic  changes  in  individual  cells.  On 
Spacelab  1  the  most  extensive  Biostack  experiment,  the,  Advanced  8iostack,  has  been 
f 1  own  . 


EXPERIMENT  DESCRIPTION 


The  Biostack  Concept 

The  investigation  of  the  biological  effects  of  single  heavy  ions  to  individual 
biological  objects  requires  a  clear  geometrical  assignment  of  these  particles  to  the 
test  organisms.  Sandwichlike  combinations  of  monolayers  of  suitable  biological  test 
items,  fixed  in  between  nuclear  track  detectors  permit  to  correlate  the  visualized 
tracks  of  the  particles  to  individ»-.l  biological  objects  in  the  vicinity  of  the  track. 
The  procedures  adopted  for  this  correlation  depend  on  the  properties  of  the  track  de- 
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tectors  used,  on  the  nature  of  the  test  organisms  as  well  as  on  the  precision  required. 
In  addition  to  these  radiobiological  findings,  the  track  detectors  of  the  Biostack 
experiment  yield  detailed  dosimetric  results  on  the  atomic  composition  and  the  LET 
spectra  of  HZE  particles  as  well  as  the  spatial  density  of  nuclear  deslntegratlon 
stars.  LiF-dosImeters  measure  the  Integral  Ionization  of  HZE  particles  and  sparsely 
Ionizing  background  radiation. 


The  layout  of  the  Advanced  Biostack  on  SL  1 

Following  the  results  of  the  former  Biostack  experiments  which  have  been  flown 
Inside  the  Apollo  command  modules  It  seemed  worthwhile  to  fly  4  experimental  units  on 
SL  1  at  sites  of  different  mass  shielding  environment,  two  units  In  an  experimental 
rack  of  the  module,  one  unit  beneath  the  flor  of  the  module  and  one  without  any  shield¬ 
ing  from  SL  1  (within  lx  )  on  the  pallet.  These  data  will  contribute  to  predict 
radiation  hazards  In  future  long-term  missions,  once  the  problem  of  evaluating  the 
radiation  quality  has  had  at  least  an  operational  solution.  They  also  serve  as  tests  of 
the  rather  Involved  models  used  to  calculate  radiation  transport  under  the  Influence  of 
the  geomagnetic  shielding  effect  / 1 3 / . 

In  order  to  provld-  a  broad  empirical  basis  for  a  check  of  radiobiological  models  a 
large  variety  of  test  organisms  differing  in  systematic  position,  organization  level, 
developmental  stage,  ladlation  sensitivity  and  size  have  been  used  in  combination  with 
track  detectors  with  different  chemical  compos 'tlon  and  sensitivity  .  This  requirement 
was  met  hy  the  contributions  of  many  co-investigators  working  on  these  different  sys¬ 
tems.  Table  1  shows  the  biological  systems  and  their  combination  with  track  detectors 
used,  the  endpoints  of  biological  evaluation  and  the  invest igators  involved.  Table  2 
shows  the  radiation  de.ectors  used,  their  relevant  properties  and  their  Investigators. 


The  Biological  Stack 

The  use  of  AgCl-crystals  as  track  detectors  demands  actinic  light  during  the  pas¬ 
sage  of  the  particle  In  order  to  stabilize  the  latent  particle  track.  Since  this  re¬ 
quirement  is  not  compatible  with  the  use  of  nuclear  emulsion  two  different  biological 
stacks  have  been  defined:  a  passive  stack  Including  plastic  and  emulsions  and  an  active 
Stack  containing  AgC 1  - crys t a  1 s  . 

The  passive  stack.  Every  passive  stack  consists  of  about  15  sub-units,  in  any  of 
which  either  a  selected  biological  object  is  sandwiched  with  a  certain  track  detector 
seve-al  times  or  a  certain  number  of  track  detector  sheets  Is  stacked  together  for 
dosimetric  purposes.  A  sub-unit  consists  of  1  to  80  sheets.  The  thickness  of  the  bio¬ 
logical  sheets,  given  by  the  size  of  the  biological  object,  varies  from  1  /um  in  the 
case  of  Bac.  subtills  (fixed  on  the  detector  with  PVA)  to  200  /urn  for  seeds  of 
Arabidopsls  Thaliana  or  cysts  of  Artemla  salina.  In  order  to  prevent  the  bigger  objects 

TABLE  1 :  Biological  Systems 


Biological  system 

Tr«Ck 

Effects  under  Investigation 

Investigator 

Affiliation 

deteotor 

Biomolecules 

Hemoglobin 

CN 

Influence  on  the  optical  absorption 

S.L.Bonting 

University  of 
Nijmegen, 

The  Netherlands 

Rhodocsin 

Uni-cellular 

Bac.  subtilis 

CN 

Influence  on  sport  outgrowth,  cell 

R.Pacius 

OfVLR,  Biophysk. 

Sports 

Uxan 

development,  colony  formation 

C. Mr*  meek 

Kdln,  FRG 

AgCl 

G. Reitz 
a.  Schafer 

J. U. Schott 

K. Bal tschukat 

Plants 

Arabidopsls 

CN 

Influence  on  germination,  plant 

k .  R . Kranz 

University  of 

thaliana  setds 

AgCI 

development  and  notation  induction 

U.Borfc 

Frankfurt,  FRG 

Sordaria 

CN 

Influence  on  germination,  mycel  growth 

J.U. Schott 

DfVLR,  Blophysik 

fimicota 

ascosports 

AgCI 

reproduction  and  mutation  rate 

Koln,  FRG 

Nicotian* 

Influence  on  germination,  growth  and 

H.Delpoux 

University  of 

tabaccum  szeds 

Bl 

development,  mutation  induction 

Toulouse,  France 

Aniwals 

Artemia  salina 

CN 

Influence  on  early  steps  of  development. 

G. Gasset 

University  of 

cysts 

« 

metabolism  (biochemical  analysis). 

T.Gaubin 

Toulouse,  France 

integrity  of  ultrastructure 

H.°lanel 

CN 

Influence  on  hatching,  induction  of 

l .M.Graul 

University  of 

K  2 

development  anomalies,  histological 

W.Ruther 

Marburg,  FRG 

AgCI 

anomal ies 

/-  ! 


\ 
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from  mechanical  stress  during  stacking  these  objects  are  embedded  In  little  holes  of  a 
plastic  sheet  of  250  /um  thickness  (grid)  keeping  a  well  defined  distance  between  the 
neighbouring  detectors.  The  thickness  of  the  detectors  varies  from  100  /um  for  CN  to 
300  /um  for  emulsion.  To  prevent  Influence  to  each  other,  plastic  foils  of  Makrofol, 
40  /um  thick,  have  been  used  between  the  sub-units  and  between  emulsion  and  biologi¬ 
cal  layers.  For  rhodopsln  and  hemoglobin  little  hermetically  sealed  gilded  container 
have  been  used.  The  sub-units  are  mounted  on  a  glided  stacking  frame. 

TABLE  2:  Radiation  Oetectors 


C«a1c 

Radiation 

Ceaeaoen t 

Detector 

. 

Rant*  of  Iff 
formation  on 

2  anS  LET 

Thres¬ 

hold 

Tissue 

eeolva- 

ltnc* 

lack- 

fround 

nelt* 

Tin 

asslfn- 

lnvestlyator 

Af filiation 

Ancle* r  Gmlslon: 
U.  KS 

lea 

■ 

Mfh 

■ 

H.  Francois 

I. PfeM 

CCA,  Paris,  France 
SAW!,  Strasfeovrf , 
Franc* 

Pintles: 

Collolose- 

nitrate. 

Polycarbonate 

■tali* 

atdli* 

•  lea 

no 

University  ef 

Riel,  m 

Uaovy 

Cl  If 

ferae* 

low  to 

aod.tai 

yts 

lea 

no 

B 

R. Facias 

C.Raltx 

N.Schiftr 

DFVLR,  Hopfeystfc, 
Win,  FM 

C.V.feerton 

m 

A«C1 -crystal* 

broad 

low  to 

atdlua 

no 

nedtui 

te  loa 

m 

C.Schofptr 

University  of 
Frankfort.  FRS 

J.U.  Schott 

DFVLR,  Heeltyslk. 
win,  res 

R-rtys. 

Protans 

lir  Thtrat- 
lualnttctnct 

doslntttr 

(nttfratint  dot  latter 

no 

N. Francois 

6. Portal 

S.Rtltl 

CEA.  Paris, 

France 

DFVLR.  Rlopfeyslk. 
Win.  FRt 

The  active  stack.  In  the  active  stack  AgCl-crystals  are  used  In  combination  with  Bac. 
subt 1 1  is ,  Arabldopsis  thallana,  Sordarla  flmicola  and  Artemia  sallna.  On  200  /um 
thick  single-crystals,  covered  with  a  protective  lacquer,  the  biological  objects  are 
fixed  with  PVA  (Bac.  subtill's  and  Artemia  salina)  or  luviscol.  The  stack  is  illuminated 
by  actinic  light  from  a  matrix  of  yellow  and  green  light  emitting  diodes  during  the 
f  1 1  qh -  . 

F 1  ight  Hardware 

The  flight  hardware  consists  of  two  hermetically  sealed  containers  housing  one 
passive  stack  each  (Typ  A)  and  two  hermetically  sealed  containers  with  a  smaller  pas¬ 
sive  stack  on  the  bottom  and  an  AgCl  stack  on  top  (Typ  B).  Fig.  1  shows  one  container 
type  A  and  type  B  (left  side)  of  the  flight  experiment. 

Hardware  type  A:  The  design  of  the  hardware  for  the  passive  stacks  was  similar  to 
that  of  the  Apol lo  missions.  The  container  picks  up  a  stack  of  98  mm  of  diameter  and  87 
mm  of  height.  One  unit  (Al)  was  mounted  in  an  experimental  rack,  the  other  unit  (A2) 
beneath  the  floor  of  SL  1. 

Hardware  type  B:  The  middle  part  of  container  type  B  contains  a  matrix  of  light  emlt- 
ting  diodes,  wTiich  Illuminates  the  AgCl-crystals  in  the  hermetically  sealed  upper  con¬ 
tainer  through  a  glass  window.  Because  of  the  hign  importance  of  the  temperature  for 
the  survival  of  biological  samples  two  temperature  sensors  have  been  Included,  one  In 
the  wall  of  the  container  near  the  lower  stack  representing  the  temperature  of  the  the 
passive  stack  and  one  in  the  AgCI-stack.  An  adequate  data  Interface  to  SL  1  permitted 
to  observe  the  actual  temperatures  and  the  status  of  the  light  source  in  near  real  time 
on  ground  during  flight.  One  unit  (81)  was  mounted  in  rack  no  4,  the  other  unit  (B2)  on 
the  pallet. 
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Flight  Experiment 

Due  to  the  latest  launch  date  delays  the  biological  samples  have  been  handled 
earlier  In  advance  than  foreseen.  After  covering  the  detectors  with  the  biological 
objects  in  the  biologists  laboratories  in  June  1983  the  stacks  have  been  prepared  at 
DFVLR  In  July  and  Integrated  Into  the  containers.  After  a  storage  time  of  6  weeks  at 
4°C  the  units  have  been  mounted  Into  the  SL  1  payload  in  early  September.  During 
transportation  to  KSC  as  well  as  during  flight,  from  28.  Nov.  to  8.  Dec.  1983  the 
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Fig.  1:  Flight  hardware:  Pallet  unit  (type  B)  on  the  left  side,  rack  mounted  unit 
(type  A  )  on  the  right  side 

temperature  of  both  units  has  been  monitored;  It  did  not  exceed  21°C  during  trans¬ 
portation.  Except  during  the  hot  phase,  where  34°C  have  been  observed  as  maximum 
temperature  In  the  pallet  unit  B2  for  about  1  hour,  the  temperature  did  not  exceed 
28°C  during  flight  In  any  unit.  The  lowest  temperature  observed  has  been  19,5°C  on 
the  module  mounted  unit  Bl.  All  module  mounted  units  were  returned  to  OFVLR  on  10  Dec. 

1983,  the  pallet  mounted  unit  on  Oec.  22.  The  disintegration  and  the  delivery  of  the 
samples  to  the  co-^nvestlgators  Involved  was  performed  between  12  Dec.  1983  and  12  Jan. 

1984. 

Ground  based  control  experiments.  Extensive  ground  control  experiments  have  been 
performed  with  the  4  identically  prepared  back  up  units.  One  unit  type  A  and  type  8  has 
been  exposed  to  the  transmitted  temperature  profile  of  the  pallet  unit  during  flight 
with  a  one  day  delay,  another  unit  was  Irradiated  with  400  HeV  Fe-lons  at  Berkeley 
short  time  after  flight.  The  results  of  these  experiments  render  to  exclude  potential 
effects  of  the  temperature  onto  the  biological  samples  and  contribute  to  the  Investiga¬ 
tion  of  the  Influence  of  the  sparsely  Ionizing  fraction  of  the  cosmic  radiation. 


RESULTS 

Dosimetric  Results 

Preliminary  measurements  of  fluxes  (In  Ions  per  square  centimeter  per  day)  of  heavy 
Ions  with  an  LET  above'  1  GeV-cm?/g  show  an  Increase  from  about  0.15  beneath  the 
floor  to  0.25  Inside  the  racks  and  0.28  on  the  pallet  In  one  substack  of  plastic 
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.Fig.  2:  Tracis  of  the  heaviest  Ion  ever  detected  in  the  Biostack  experiments,  on  the 
left  side  penetrating  through  a  300  yum  thick  K5  emulsion,  on  the  right 
side  its  stopping  end  in  a  300  yum  thick  neighbouring  K2  emulsion 
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detectors,  and  an  Increase  from  0.20  In  the  floor  to  0.34  on  the  pallet  In  another 
substack.  In  a  somewhat  more  sensitive  plastic  detector  the  last  two  fluxes  were 
measured  as  0.36  and  0.54,  respectively.  In  nuclear  emulsions  with  a  still  lower  regis¬ 
tration  threshold  a  flux  of  about  1  1on/cm‘-day  with  LET  above  about  400  MeV-cm2/g 
was  measured  on  the  pallet,  where  a  very  heavy  Ion  (atomic  number  probably  twice  as 
large  as  that  of  Iron)  was  also  detected  for  the  first  time  In  a  biostack  experiment 
(see  Fig.  2)L1th1um  fluoride  dosimeters  measured  average  physical  absorbed  doses  of 
0.071,  0.088  and  0.085  mGy/d  In  stacks  beneath  the  floor,  within  the  racks,  and  on  the 
pallet,  respectively.  These  values,  which  represent  the  contribution  of  sparsely  Ioniz¬ 
ing  radiation,  show  a  less  marked  dependence  on  the  shielding  than  the  heavy  Ion 
fluxes.  750  nuclear  deslntegratlon  stars/cm3  day  have  been  registered  In  K5  emulsions 
on  the  pallet.  Oue  to  different  solar  cycles  these  dosimetric  data  are  consistently 
somewhat  lower  than  the  values  for  the  Apollo-Soyuz  mission.  A  probable  Influence  of 
different  shielding  Is  still  under  Investigation.  Table  3  summarizes  the  dosimetric 
results  In  comparison  with  the  results  of  previous  Biostack  experiments.  A  detailed 
comparison  must  await  the  final  calibration  of  all  detector  materials  and  the  evalua¬ 
tion  of  complete  LET  and  particle  spectra.  The  first  data  from  CR  39  for  an  LET'spec- 
trum  of  the  SL  1  experiments  In  Fig.  3  are  still  preliminary. 


Fig.  3:  Preliminary  LET  -  spectra  of  the  Spacelab  1  experiment  In  comparison  with 
the  Apollo  Soyuz  experiment 

TABLE  3:  Results  of  Dosimetric  Measurements  Inside  Biostack  Containers 
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Biological  Results: 

First  biological  results  cannot  exclude  some  Influences  to  the  test  organisms  which 
are  not  related  to  spaceflight  factors.  Some  samples  from  the  temperature  stimulated 
ground  control  experiment  and  those  which  have  been  flown,  but  not  hit  by  heavy  Ions 
(flight  control  samples)  show  a  decrease  of  survival.  This  observation  we  trace  back  at 
least  to  some  extent  to  an  unusually  long  period  of  time  between  the  preparation  of  the 
samples  and  the  disassembly  of  the  experiment  of  more  than  S  month,  caused  by  the  two 
latest  delays  of  the  launch  date,  compared  to  28  days  with  the  Biostack  experiment  on 
ASTP.  Flight  control  samples  of  cysts  of  Artemla  sallna  for  Instance  exhibit  a  survival 
of  50  percent  only.  The  extent  to  which  th  s  Inactivation  is  due  to  the  long  storage 
time  or  to  radiobiological  effects  of  nuclear  deslntegratlon  stars  within  the  cysts  - 
the  cysts  of  Artemla  sallna  have  the  largest  radiosensitive  volume  of  all  samples  used 
•  possibly  In  combination  with  other  factors  of  spaceflight  such  as  microgravity  re¬ 
mains  to  be  determined.  The  development  of  eggs,  which  were  hit  by  heavy  Ions  but  still 
formed  swimming  larvae  ( /v5  percent),  appeared  to  be  more  strongly*  retarded  than  In 
previous  spaceflight  experiments  by  approximately  a  factor  of  10  compared  to  normal 
cysts. 


Fig. 4:  Shadow  of  a  seed  of  Arabldopsls  thallana  on  K5  emulsion  hit  by  a  heavy  ion 

Figures  4  to  6  show  photomicrographs  of  the  physical  evaluation  of  hit  biological 
objects.  In  the  case  of  Arabldopsls  thallana  in  combination  with  nuclear  emulsion,  the 
biological  objects  were  outlined  on  the  emulsion  by  weak  illumination  with  actinic 
light  before  removing  the  seeds  and  development  of  the  detector.  Thus  the  particle 
tracks  can  be  correlated  to  the  negative  shadow  (Fig.  4).  Fig.  5  shows  the  same  object 
on  CN,  hit  by  a  heavy  Ion,  whereas  Fig.  6  shows  a  soore  of  Sordaria  fimlcola  on  an 
AgC 1 -crystal  hit  by  a  secondary  particle  from  a  nuclear  disintegration  star.  The  focal 
plane  of  these  photographs  Is  a  more  or  less  wortbwile  compromise  between  a  focused 


Fig  5:  Seed  of  Arabldopsls  thallana  on  Fig.  6:  Spore  of  Sordaria  fimicola  on 
CN  with  the  etchcone  of  a  heavy  AgCl  with  a  nuclear  disinte- 

lon  gration  star 


picture  of  the  biological  object  and  the  particle  track.  Thin  layers  of  myoglobin  and 
rhodopsin  were  Included  for  the  first  time  In  the  Advanced  Biostack  experiment  as  bio¬ 
chemical  test  system.  Rapid,  automated  postflight  scanning  of  the  dry  films  at  the 
wavelengths  of  peak  absorbance  with  a  spatial  resolution  of  2  /urn  has  not  revealed 
any  new  absorbance  ascrlbable  to  heavy-ion  trajectories  so  far.  Experiments  are  in 
progress  to  determine  whether  postexposure  wetting  of  the  films  will  modify  this  find¬ 
ing. 


N 
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FUTURE  EXPERIMENTS  USING  THE  STS 

Within  the  life  sciences  space  programs  of  NASA  and  ESA  continuous  effort  Mill  be 
devoted  to  experimental  Investigations  of  the  radiobiological  Implications  of  the  cos¬ 
mic  radiation,  especially  of  Its  densely  Ionizing  component.  At  present  the  following 
radiobiological  experiments  have  been  accepted  for  flight. 

Already  In  orbit  Is  the  completely  passive  long  duration  exposure  facility  (LOEF) 
of  NASA,  which  was  launched  into  an  orbit  at  556  km  altitude  and  28  degrees  inclination 
on  April  6.  1984.  The  "Free  Flyer  Biostack  Experiment"  on  LOEF  Is  the  first  space 
flight  experiment  which  probes  the  radiobiological  effects  of  the  cosmic  HZE  particles 
during  long  term  exposure  to  the  additional  factors  of  the  sapce  flight  environment, 
especially  to  microgravity.  Its  revovery  Is  scheduled  for  March  1985. 

The  launch  of  the  7  day  german  01  mission  of  the  Spacelab  Into  an  otblt  at  324  km 
altitude  and  57  degrees  inclination  Is  scheduled  for  September  1985.  Whlthln  Its 
8IORACK  facility  two  radiobiological  experiments  have  been  accommodated.  The 
"Dosimetric  Mapping  Inside  B10RACK"  experiment  will  provide  dosimetric  data  for  the 
Ionizing  radiation  environment  within  the  BIORACK.  These  data  yield  the  background 
Information,  which  may  be  necesssary  to  analyse  and  Interpret  findings  from  ot^er  bio¬ 
logical  Investigations  In  the  BIORACK,  e.g.  on  biological  effects  of  microgravity.  The 
facilities  of  the  BIORACK  will  allow  to  study  the  effects  of  HZE  particles  on  develop¬ 
ment  In  the  experiment  "Embryogenesls  and  Organogenesis  of  Carauslus  morosus  under 
Space  Flight  Conditions". 

The  european  free  flying  long  duration  exposure  facility  EURECA  will  provide  active 
temperature  control  and  electric  power  for  Its  experimental  facilities,  among  which  the 
Exobiology  and  Radiation  Assembly  (ERA)  Is  designed  to  accommodate  also  radiobiological 
experiments.  Its  first  flight  Is  scheduled  for  March  1988.  This  mission  In  an  orbit  at 
296  km  altitude  at  28.5  degrees  Inclination  Is  planned  to  last  six  to  nine  months.  Tnls 
different  orbit,  as  compared  to  the  first  LOEF  mission.  Is  expected  to  reveal  the  con¬ 
tribution  of  the  nuclear  disintegration  stars  to  the  observed  radiobiological  effects 
In  the  "Free  Flyer  Biostack  "  experiment  on  EURECA.  The  objectives  of  the  experiment 
"Dosimetric  Mapping  on  EURECA"  In  the  ERA  are  the  same  as  the  one  In  the  BIORACK. 

Future  missions,  for  which  experiment  proposals  for  radiobiological  Investigations 
have  been  or  will  be  submitted  are  the  following. 

Scheduled  for  May  1987  Is  the  launch  of  the  NASA  I  ML- 1  mission  with  7  days  dura¬ 
tion.  The  Spacelab  will  carry  on  this  mission  the  BIORACK  facility,  for  which  a  re¬ 
flight  of  the  two  radiobiological  experiments  of  the  D1  mission  has  been  proposed.  In 
addition  a  proposal  for  a  third  experiment  has  been  submitted,  where  the  radiobiologi¬ 
cal  effects  of  cosmic  HZE  particles  on  actively  metabolizing  organisms  In  contrast  to 
organisms  In  a  resting  state  will  be  Investigated.  The  proposed  experiment  hajs  the 
title  "Response  of  Unicellular  organisms  to  Heavy  Ions  of  Cosmic  Radiation  During 
Spaceflight". 

For  the  reflight  of  the  LOEF,  to  be  launched  in  August  1987  for  a  two  year  m  sslon 
Into  an  orbit  at  450  km  altitude  and  57  degrees  Inclination,  a  refllgth  of  the  "Free 
Flyer  Biostack*  of  the  first  LOEF  mission  will  be  proposed.  So  far  this  will  be  the 
mission  with  the  longest  exposure  to  the  space  flight  environment. 

A  second  german  mission  with  the  Spacelab  (02)  Is  scheduled  for  July  1988.  For  this 
mission  a  reflight  of  the  "Advanced  Biostack  Experiment  on  SL-1"  will  be  proposed.  A 
second  proposal  will  be  submitted  for  the  "Dosimetric  Record  of  Astronauts'  Rad  atlon 
Exposure".  Apart  from  yielding  personal  dosimetry  data  for  radiation  protection  pur¬ 
poses,  In  this  experiment  the  specific  contribution  of  the  South  Atlantic  Anomaly  of 
the  geomagetlc  field  to  the  radiation  field  in  a  near  earth  orbit  will  be  studied. 

For  the  progress  of  scientific  research  in  space  the  availability  of  the  Spacelab 
and  the  Space  Transportation  System  STS  obviously  marks  a  major  stepping  stone.  Apart 
from  offering  the  Interaction  of  human  experlmentators  and  more  sophisticated  and 
larger  experimental  tools  It  will  allow  to  perform  experiments  In  space  more  frequently 
and  at  more  regular  terms.  Thereby  scientific  activities  -  especially  biomedical  re¬ 
search  -  In  space  will  gradually  approach  the  standards  valid  for  terrestrial  Scien¬ 
tific  work. 
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PREFACE  TO  THE  INFORMAL  BRIEFINGS 
BY  THE  F-16  MEDICAL  WORKING  GROUP 


The  autumn  meeting  of  the  Aerospace  Medical  Panel  has  developed  into  a  special  format  namely  a  reim-symposium  on 
a  timely  subject,  the  annual  business  meeting  and  a  “national  half-day”.  The  latter  is  a  morning  or  afternoon  session  with 
papers  of  a  less  scientific  and  more  practical  nature,  more  like  briefings  on  a  certain  theme  or  topic  chosen  by  the  host  nation. 
As  the  briefings  presented  at  the  1984  autumn  meeting  were  of  interest  to  a  wider  public,  publication  as  Conference 
Proceedings  was  decided  upon. 


INTRODUCTION 


Air  Commodore  G.K.M.Maat 
The  Netherlands 


At  the  end  of  seventies,  the  T16  Falcon  fighter  came  into  the  inventory  of  five  nations  at  about  the  same  time.  That  was 
rather  unusual.  In  the  past,  when  a  new  aeroplane  came  into  operation  in  the  smaller  nations,  the  manufacturing  country,  fot 
example  the  US,  already  had  considerable  experience  with  it,  and  the  buying  nations  could  use  that  experience. 

In  this  case,  the  aeromedical  community  was  aierted  too.  For  news  of  the  fantastic  possibilities  of  the  FI  6,  the  first  high 
performance  fighter,  foretold  that  for  the  first  time  the  pilot  would  be  the  limiting  factor.  The  new  concept  of  the  high  G 
environment,  the  high  G  cockpit,  with  its  unknown  consequences  for  the  crew  needed  careful  medical  scrutiny. 

The  ensuing  medical  concern  for  possible  acute  and  long  lasting  negative  effects  on  man  and  the  need  to  explore  the 
nature  of  the  human  lir  'ations  led  to  two  things.  Firstly,  flight  surgeons  from  the  five  nations  with  occasional  observers  from 
nations  that  had  joineu  <.«  “high  performance  society”  came  together  in  a  medical  working  group  in  order  to  pool 
information  and  to  start  common  policies  in  selection  and  training  in  a  most  pragmatic  way. 

Secondly,  the  A  -ro  medical  Working  Party  of  the  Military  Agency  for  Standardisation  conceived  a  Stanag  on  centrifuge 
training. 

Turkey  was  the  host  nation  for  this  autumn  meeting.  Turkey  intends  to  purchase  and  manufacture  under  licence  the 
F 1 6.  To  deal  with  medical  aspects  of  the  F 1 6  at  the  so-called  “national-half-day"  is  appropriate.  The  Aerospace  Medical 
Panel  relayed  the  Turkish  request  to  the  F 1 6  Medical  Working  Group,  seeing  an  extra  advantage  in  doing  so.  As  the  group  is 
a  practical  one,  the  briefings  would  be  operational  rather  than  scientific  and  there  is  a  need  for  more  operational  orientation 
within  the  Panel. 

The  topics  covered  in  the  following  briefings  speak  for  themselves.  One  topic,  however,  you  will  miss  —  equipment.  The 
need  for  a  proper  lightweight  helmet  and  a  fast  G-valve  is  still  there. 

This  might  be,  with  for  example  the  practical  consequences  of  the  HUD  and  the  strain  on  the  neck  muscles,  a  good 
subject  for  the  next  operationally-oriented  session. 
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Mtdacin  Lieutenant  Colonel  VAN DD4 BOSCH  P. 
Centre  Midi cal  de  la  Force  Airienne  Beige 
Bus  da  la  Fusie  70  -  1130  BBUXELLES. 


I.  Introduction 

By  the  introduction  of  the  high  sustained  Q  F-16  aircraft  in  our  Air  Force/  the  problem  of  the  physi¬ 
cal  standards  was  raised. 

These  ply  si cal  standards  for  flying  nust  ensure  that  individuals  selected  for  aviation  duties  are  free 
fron  nodical  conditions  or  defects  which  coula  adversely  affect  flying  safety,  mission  completion,  or 
their  own  health. 

Additionally,  the  standards  should  ensure  that  an  individual  selected  for  flying  training  is  quali¬ 
fied  Car  world-wide  duty.  That  naans  that  he  should  not  only  be  capable  of  enduring  the  var: ou* 
etreseee  involved  in  flying,  but  also  be  capable  cf  withstanding  the  considerable  stresses  involved 
in  ejection  or  egress  fron  the  aircraft,  and  in  escape  and  survival  in  a  hostile  environment, 
iha  introduction  at  the  end  of  the  eighties  of  a  new  single  seat,  high  performance  fighter  aircraft, 
wch  as  the  F-16,  Bakes  it  essential  that  our  physical  standards,  used  for  both  selection  end  further 
qualification  of  pilots,  by  carefully  reviewed  and  appropriatul?  modified.  These  aircrafts  are  capa¬ 
ble  of  rapid  onset  and  high  sustained  +Oz  which  can  easily  ex-  eed  a  pilot’s  physical  limitations. 

The  maximum  a  available  is  no  longer  determined  by  the  aircreit  itself  hut  by  the  human  capabilities 
and  physiologic  limitations. 

There  exist  a  number  of  mild  or  subclinical  medical  conditions  which  could  be  aggravated  by  high 
Mstained  0  or  potentially  result  in  sudden  pilot  incapacitation. 

°ur  current  flying  physical  examination  must  be  changed  to  detect  these  conditions. 

In  developing  new  standards  several  factors  should  be  kept  in  mind  : 

-  these  new  aircrafts  have  been  specifically  dcaipied  in  order  to  provide  the  pilot  with  an  advantage 
in  performance  capability  ; 

-  these  aircrafts  are  single  seat  systems  ;  the  pilot  is  alone  ;  he  will  have  to  see,  interpret  and 
respond  to  all  instrument  displays  ; 

-  the  fundamental  and  necessary  requirement  of  excellent  visual  acuity  for  fighter  pilot  must  be 
emphasized. 


II.  Pathology  influenced  by  "high  sustained  -t-Qz" 

There  are  a  number  of  mild  or  subclinical  medical  conditions  wlich  could  be  aggravated  by  high 
sustained  or  potentially  result  in  pilot  incapacitation. 

Among  such  conditions  we  can  quote  : 

A.  Cardiovascular  pathology 

1.  Valvular  lesions 

-  Mitral  Valve  Prolapse 

-  Aortic  Insufficiency 

-  Aortic  Stenosis 

-  Mitral  fiegurgitation 

2.  Arythoias 

-  Supraventricular  Tachycardia 

-  Complex  ventricular  errythmias 


3.  Coronary  Artery  disease  (minimal  to  mild) 

4.  Other 

-  Wolff  Parkinson  Whit*  Syndrome 

-  Hypertension 

-  Cardiomyopathies 

5.  Varicoaites 

-  Hemorrofds 

-  Varicicoala 

-  Varices  of  lower  extremities 

B.  Non-cardiac  pathology 

1.  Qaatro  Intestinal 

-  Oesophagel  var'ces  and  hernia  hiatalis 

-  Ulcer 

-  Ulcerative  Colitiv'Proctitis 

2.  Pulmonary 

-  Alpha  1  -  Antitrypsins  deficier  cy 

-  Smoking 

C.  Musculoskeletal  pathology  ,, 

-  Scoliosis 

-  Spondylolyse  end  spondyloiy a thesis 

-  Juvenile  epiphysitis  (Scheuerman) 

-  Degenerative  Joint  disease 

-  Congenital  abnormalities  (Klippel-feil-and  Sprengel’s  anomaly) 


111.  Kinds  of  Teats 

Presently,  in  our  center,  we  have  added  the  following  teats  to  our  systematic  re  visional  examination  : 

1)  Phono -me  cano  gram 

2)  Echocardiogram 

3)  Uolter  monitoring  in  case  rhythmic  disturbances  should  be  diagnosed. 

4)  Spiroergometry 

5)  EEC 

6)  Biological  parameters  -  cholesterol  and  HDL  cholesterol 

-  triglycerides 

-  CBP 

-  Gamma  G*  /  \ 


-  Carboxyhemoglobine 

-  alpha  -1-  antitry  peine 
?)  BX  full  spine  and  BX  cervical  spine 
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IV.  Diacuaslon  on  pathology  and  policy  followed  in  th»  BAT. 

A.  Problea  of  cardiovascular  pathology 

Tha  valvular  cardiac  ltaiooa  which  art  aggravated  by  hi^h  witrui  +Gx  loading  are  aitral  valvular 
prolapses,  wild  aortic  insufficiencies,  aild  aortic  atanoaa  and  aitral  ragurgitatiaoa.  Tha  ltaios 
which  ia  of  graataat  concern  aaongat  thia  group  ia  aitral  valve  crolapa. 

Mitral  valvular  prolaps,  ia  a  valvulopathy,  individualiaed  by  Barlow  ia  1963. 

the  fttadaaental  phyaiopathological  phenomenon  ia  the  aore  or  lees  important  prolapa  of  one  or  two 

valvea  ia  the  auricle  during  the  ayatole. 

We1 wish  to  quote  genuine  prolapae  and  balloniaation  according  to  the  fact  wether  the  free  edge 
of  the  valve  ia  located  behind  the  level  of  the  aitral  ring  or  not. 

The  prolapa  Bay  be  caused  by  an  injury  of  the  valvular  tissue  itself  or  of  the  aub-nitral  organ, 
(cordage  and  pillars).  The  auaculatory  sealology  la  characterised  by  one  or  aore  aeeo-tele-syetolical 
elides,  connected  with  or  without  a  tele-systolic  aurnur. 

thia  auraur  shows  the  existence  of  a  aitral  leak,  the  echocardiography  objectivates  the  valvular 
lesion. 

the  difficulties  in  the  decisions  of  flying-fitness  are  due  to  various  factors  : 

1.  the  frequency  of  the  disease,  which  ranks  first  aaoagst  the  valvulop-thiea,  it  eaounts  to  6  X. 

2.  the  risk  of  cos  plications  ia  dcainated  by  the  rhythaic  disturbances  and  consequently  by  throabo- 
eabolic  accidents.  The  evolution  towards  aitral  insufficiency  is  always  possible,  the  risk  of 
infectuous  graft  is  such  nailer. 

3.  There  are  aayaptcaatic  foraa  which  are  strictly  echocardiographic. 

4.  We  still  lack  in  our  knowledge  about  the  natural  history  of  the  disease, 
this  should  aake  ua  careful  ia  our  decisions. 

3.  the  accelerations  constitute  definitely  a  dsnaging  factor,  for  two  reasons  : 

a.  they  cause  a  decrease  of  the  ventricular  voluae  ehaply  due  to  a  reduction  of  the  ban-point 
distance  of  tha  heart  |  this  on  tun  aggravates  the  prolapse. 

b.  under  high  intensity,  they  are  in  itself  arythaogenic  and  thus  they  increase  the  risk  of 
rhythaic  disturbances,  typical  of  prolapse. 

The  aost  frequent  coapli cation  owing  represented  by  rhytha  disturbances,  tho  latter  should  be 
detected  by  holter  monitoring  and  by  an  effort  ECO. 

Their  appearance  should  iaply  the  fysical  unfitness  for  High  Sustained  *Qz  aiasicos. 

When  the  prolaps  is  isolated,  i.e.  without  aitral  insufficiency  nor  arrythaias  the  decision  to 
be  taken  as  to  the  flying  fitness,  is  difficult  and  unclear. 

Presently,  considering  the  aggravating  influence  of  accelerations,  we  declare  the  pilot  unfit 
for  High  Sustained  *Qz  missions. 

The  possibility  also  remains  that  repetitive  +<3a  forces  aay  have  an  adverse  effect  on  the 
natural  history  of  these  lesions. 

The  aost  coaaon  nan-valvular  lesion  which  aay  reasonably  be  expected  to  be  affected  by  high 
sustained  *Q*  loading  would  be  aild  coronary  artery  disease. 

Under  conditions  of  decreased  cardiac  output,  reduced  oxygen  saturation,  and  narked  tachycardia, 
even  subclinical  coronary  disease  aay  aanifest  itself  under  high  sustained  +Gt  loading- 
while  subclinical  coronary  disease  aay  not  then  manifest  itself  as  angina  pectoris,  the  propen¬ 
sity  for  arrythaias  aay  be  enhanced  by  a  lowered  arrythaia  treshold. 

Any  condition  which  decreases  an  already  coaproaised  cardiac  output,  should  be  considered  as  a 
counter-indication  to  further  high  performance  flying. 

In  that  sense  aild  cardicayopathiea,  with  subclinical  left  ventricular  disfunction,  complex  ven¬ 
tricular  arrythaias,  atrial  fibrillation  and  supraventricular  tachycardia  aay  all  be  exacerbated 
by  0  stress. 

In  our  center,  the  echocardiogram  has  not  led  to  any  rejections  froa  flying  status. 


Bm  belter  Monitoring,  which  we  apply  only  when  rhythm-disfunctions  occur  during  the  routine 
SCO  or  the  trasdnill-tast,  caused  two  rejections  becauae  of  av  block  in  tha  aeccnd  decree,  and 
total  dysrythnia. 

da  to  the  hypertension  problea,  the  standards  applied  on  our  rated  pi lota  are  t 
•  oaxlaun  ayatollic  value a  :  up  to  160  m  Ug 
-  aart  ana  dlaatolle  value a  :  up  to  95  aa  Ug. 

A  treataent  reatricted  to  hygienic  and  dietie  aaaaurea,  with  the  uae  of  dluretiea  la  tolerated. 

The  problea  of  the  apecific  beta-blockera  that  exert  a  hydro filic  Influence  (cfr.  atenolol), 
haa  not- bean  thoroughly  atudied  up  to  now  eo  that  we  do  not  preaeatly  accept  theae  faraaceutic 
agenta  aa  coapatible  with  the  flying  atatua. 

The  purpoae  of  the  initial  treadnill-exercic.  teat  ia  chiefly  to  aereae  out  atreaa-induced 
arrytfaaiaa,  rather  than  detect  latent  coronary  diaeaae. 

Indeed  the  incidence  of  latent  coronary  diaeaae  ia  very  low  ia  thia  age-group. 

In  our  center,  we  apply  the  treadaill  teat  according  to  the  Bruce-protocol.  Using  our  atandarda, 
we  have,  untill  now,  not  yet  pronotaced  any  rejections  froa  flying  atatua  becauae  of  thia  teat. 

Aa  to  the  vaacular  pathology,  only  aerioua  and  ayaptoaatie  forae  of  haaorolda,  varicea,  vari- 
cocoele ,  are  to  be  considered  aa  incoapatible  with  high  suatained  eJt  flights. 

.  Mon  cardiac  pathology 
1.  Pulnonary 

Two  conditions  which  could  be  incoapatible  with  flying  high  perforaance  aircraft  are  alpha 
-1-  antitrypaine  deficiency  and  possibly  oeoking. 

Alpha  -1-  antitrypaine  deficiency  induces  early  eaphyseaa  with  deleterious  effects  on 
oxygenation.  There  exists  a  diffusion  defect  in  the  involved  lung,  the  oxygen  can  not  penetrate 
into  the  blood  fast  enough  to  aaintain  arterial  oxygen-saturation. 

The  basic  lesion  of  eaphyseaa  apparently  results  froa  the  effect  of  proteolytic  enzymes  on  the 
alveolar  wall.  Inzymea  of  this  type  can  bb  released  froa  leukocytes  participating  in  an  in- 
flanraatory  process.  Thus,  any  factor  lead  .ng  to  a  chronic  in fl amatory  reaction  at  the 
alveolar  level  encourages  develapnent  of  eaphyseaa tous  lesions. 

Fortunately,  aost  people  have  coneidt raol r  ability  to  neutralise  such  enzynes  aa  a  result  of 
antiproteolytic  activity  of  the  alpha  -1-  globulin  fraction  of  their  Benin.  In  a  rare  condi¬ 
tion  known  as  homozygotic  alpha  -1-  antit -ypaine  deficiency,  however,  the  senu  antiproteoly¬ 
tic  activity  is  markedly  diminished.  In  sich  patients  emphysema  may  develop  bij  middle  age 
even  in  the  absence  of  exposure  to  substances  known  to  interfere  with  lung  defense  mechaniaae. 
At  the  moment  we  envisage  the  introduction  of  the  slphs  -1-  antitrypaine  determination  in  the 
medical  examination  shedule  of  the  applic  int-pilots. 

The  remaining  possibly  disqualifying  condition  is  heavy  sacking. 

This  haa  two  negative  consequences  upon  the  oxygen  transport  since  : 

a.  carbon  monoxide  combines  preferrentialy  with  hemoglobin,  blocking  sites  of  oxygen  binding, 
and  thus  decreasing  the  oxyhemoglobin  saturation. 

The  normal  concentration  due  to  endogenous  red  blood  cellmetaboliam  is  1  -  2  %  Co  Hgb. 
Average  cigarette  smoking  increases  this  figure  to  about  5  %  Co  Hgb. 

airways  and  causes  ventilation  disturbances  with 
partial  oxygen  desaturation  of  arterial  blood. 

In  our  center  we  measure  the  vital  capacity  and  the  one  second  forced  expiratory  volume  by 
spirometry,  and  the  residual  volume  by  th*  Helium  dlution  method. 

We  determine  the  percentage  of  carboxyhemogtobin  with  chain-enokers  (more  than  20  cigarettes^ 
day)  and  try  to  reduce  via  hygienic  measures  the  tabecco-usage  of  the  pilots. 

2.  Castro  intestinal  pathology 

The  presence  of  oesophagel  varices,  hemik  hiatalis  with  or  without  ulcers,  the  gastric 


ulcer  and  the  ulcerative  collitis,  disqua! 


lifies  for  high  sustained  «Cz. 


i 
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2.  Musculoskeletal  pathology 

Xt  la  fait  that  certain  spinal  coluaa-aaoaaliea,  discovered  by  X-rsy,  rapraaant  as  Inherent  mecha¬ 
nical  weaknaaa  of  spinal  eoluan  architecture,  abla  to  ba  activated  by  back  strain,  and  precipita- 
tiag  or  aggravating  uadarlyiag  lasioaa. 

Seolioaia 

Scoliosis  is  dafiaad  aa  sc  abnormal  lateral  structural  curvature  of  the  spinal  eoluan  which  causes 
a  deficiency  ia  the  thoracic  spina  flexibility.  We  distinguish  two  aorta  of  seolioaia  : 

1.  a  postural  scoliosis,  i.a.  a  curve  that  disappears  by  suspension  or  during  recuabency. 

2.  a  structural  scoliosis,  i.a.  situation  with  vertebral  body  rotation,  and  with  definite  geonetrie 
and  intervertebral  disk  chaagea  ia  the  individual  vertebral  body. 

Spondylolysis 

The  aalfo nation  aoat  coanonly  encountered  ia  the  vertebral  arches  is  a  cleft  i 

1.  cleft  in  the  para  iaterartlcularia  (spondylolysis) 

2.  cleft  sagittal  of  the  spinous  process  (spina  bifida  occulta) 

Spondylolysis  refers  to  a  Mechanical  failure  in  the  para  iaterarticularis  without  any  relative 
vertebral  body  slippage  and  ia  aoat  coanonly  found  ia  the  fifth,  and  leas  often  ia  the  fourth 
lunbar  aegsenta.  Clinical  evidence  exists  which  suggests  that  aa  individual  with  a  spondylolysis 
will  have  a  greater  likelihood  of  back  disorder  and  a  higher  rate  of  iatervertebral  disk  degenera¬ 
tion.  Mechanical  forces  and  particularly  torsional  stresses  aeeus  to  be  aoat  detriiMatal  and 
increase  the  onset  of  disk  degeneration. 

Spondylolisthesis 

Spondylolyatheaia  refers  to  a  defect  in  the  par a  iaterarticularis  with  forward  displacosant  with 
respect  to  a  subadjacent  vertebra,  usually  the  fift  lunbar  on  the  sac  run.  United  operational 
evidence  exists  pointing  to  the  fact  that  high  0  aanoeuvering  nay  aggravate  the  defect,  resulting 
in  acute  back  pain. 

Scheue man's  disease 

Scheuernaa'a  disease  (Epiphysitis  Juvenilis)  is  defined  aa  a  rigid  kyphotic  defomity  involving 
the  lower  tharacic  spinal  colunn.  A  lateral  X-ray  shows  : 

1.  an  increased  dorsal  curvature 

2.  an  anterior  wedging  of  the  vertebral  bodies  in  the  lower  dorsal  region 

3.  a  blurring,  irregularity  and  aottling  in  the  cartilaginous  end  plate  of  tha  intervertebral  disk 
and  in  the  apophyseal  ring  of  the  vertebral  body,  especially  antsriorily. 

*».  an  herniation  of  nuclear  Material  into  the  vertebral  bodies  (Schaorl's  nodule). 

To  deters  in#  the  extend  and  the  evolutivity  of  Scheuerem '  s  diaease,  an  SX  full  spine  (including 
pelvis)  and  a  profile  of  the  luaber  and  thoracal  spine  have  to  be  performed. 

The  "Riasersign"  is  looked  up.  We  apply  the  tern  "risaer”  when  the  crest  of  the  iliac  bone  is  not 
entirely  ossified. 

Interpretation  of  this  sign  :  according  to  the  degree  of  developuent  of  the  ossification  nudous, 
a  score  between  0  and  5  ia  given  :  this  repreaents  the  "risaer-teat". 

Quotation  1  to  4  in  the  risaer  test  aeans  aa  insufficient  ossification  of  the  iliac  bane's  crest  | 
quotation  5  aeans  a  complete  ossification. 

The  relationship  between  Scheuernaa'a  disease  and  risaer  score  1  to  k  implies  that  the  illness  nay 
still  be  in  evolution  |  risaer  test  5  implies  stabilisation  of  the  process.  The  evolutive  Scheuernaa'a 
disease  ia  disqualifying.  The  stabilised  scheur rasa's  disease,  with  overt  clinical  and  serious  radio¬ 
logical  syaptons,  such  aa  Major  kyphosis  with  wedge-shaped  lesions  of  the  spinal  bodies  (Schaorll's 
nodule)  is  also  disqualifying. 

Presently  we  perform  in  our  center  the  following  investigations  : 

Boutina  X-ray  examinations  : 

-  full  spine,  anterior-poaterior 

-  X-ray  thoracic  spine  <  lateral 


-  X-ra«  lumbar  spin*  t  lateral 

-  X-ray  cervical  a pice  will  shortly  be  added  to  thia  group, 
la  caai  of  abnoraalitiea  the  aext  policy  ia  applied  t 

(A)  applicant-pilots  : 

Since  they  all  apply  for  the  f-16  aircraft ,  the  criteria  are  |  unfit  for  flying  duties  if  : 

1)  Scoliosis,  luabar  or  thoracic  (aeaaured  with  the  Cobb  nethod)  t  exceeds  the  tolerance 
threshold  of  15*. 

2)  other  injuries  t 

a.  extensive  eigna  of  epiphysistia  Juvenilia  of  Scheueraan  (nodules  of  Schnorll  end  Hedging 
of  vertebrae) 

b.  uni -or  bilateral  spondylolysis 
o.  apondylolyathesis 

d«  pronounced,  sequelae  of  previous  fractures. 

(B)  For  F-16  candidates  who  are  already  rated  fighter-pilots,  lean  stringent  tolerance  liaita  end 
also  waivers  are  allowed. 

Concerning  the  cervical  spine  t 

-  Systematic  X-raying  of  the  cervical  spine  is  not  at  the  present  carried  out. 

-  The  frequency  of  coa plaints  about  cervical  ache  la  quite  high. 

1)  A  training  schene  for  the  strengthening  of  the  neck  suacles  ia  being  performed  and,  to  the 
opinion  of  the  pilots,  exerts  a  favourable  influence  on  the  coaplainta. 

2)  Untill  now  there  has  occurred  one  serious  case  of  subluxation  of  a  cervical  vertebra  with 
longduration  unfitness  to  fly,  but  this  case  recuperated  fully  with  anti-ini Lemma tory  and 
kinetic  therapy. 

D.  The  vision— problea 

'  Undeniably,  excellent  visual  capacities  are  of  the  highest  importance. 

At  the  present  we  do  not  accept  any  insufficiencies  and  the  use  of  spectacles  is  disqualifying  for 
high  sustained  +0*  aieaiana  until  more  information,  in  order  to  eventually  permit  contaclensea  and/ 
or  correction -glasses,  will  be  available.  If  correction  glasses  or  contact  lenses  are  used,  one  should 
take  into  account  : 

-  the  compatibility  with  other  iteaa  of  personal  aquipeant 

-  the  weight  of  the  glasses 

-  the  diacoafort 

-  the  potential  image  distortion 

-  the  limitation  of  visual  field 

-  the  glare 

The  problem  of  visual  acuity  raises  another  question  i  in  how  far  is  the  visual  acuity  different  in 
various  contrast -situation  T 

The  common  acuity  tests  are  performed  only  under  high  contrast  conditions.  Contrast  sensitivity  has 
proven  to  be  aore  comprehensive  than  standard  acuity,  since  it  determines  how  people  see  large  and 
small  targets  ia  both  high  contrast  (sunny),  and  low  contrast  (fog,  rain,  mow,  twilight)  conditions. 
The  modern  vision  contrast  test  syataas  define  visual  capability  differences  in  a  normal  population 
that  relate  to  visual  taric  performance,  but  also  quantifies  the  acuity  loaaea. 


V.  Con  dual  oc 


la  eoneluoioa  om  Bight  aUU  that  th«  praaaat  erltarla  naad  to  ba  further  taatad.  tad  1  hopa  that 
oa  om  of  oar  aaxt  naatiaga  thla  «rj  iaportaat  itaa  will  ba  diacuaaad  la  dapth. 

Tha  ayataaatio  applieatioa  of  naw  technologica  (  Spi  roe  rgone  trie,  Echocardiogran.  Hoi  Ur  Benito  ring, 
BE  fall  spin a,  U  cervical  apiaa)  and  tha  viaion  prohlan  raiaaa  tha  quant ion,  of  vhara.  tha  tolaraaea 
liaita  of  nomality  ara  to  ba  nettled,  ia  ordar  to  avoid  laappropriata  or  too  aavara  daeialeaa  about 
tha  phyaical  fitaeaa. 
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DISCUSSION 


Question 

1.  Mild  coronary  after-disease  is  difficult  to  detect;  arteriography  is  the  most  reliable  method.  Yet  it  is  a  reason  for 
rejection,  you  say.  Do  you  have  age  criteria  for  F 1 6  pilots? 

2.  You  have  also  said  that  peptic  ulcer  leads  to  rejection.  What  is  your  policy  after  resection? 


Reply 

1 .  We  have  no  official  age  limits;  in  practice  the  maximum  age  of  F 1 6  pilots  is  45. 4ft. 

2.  An  ulcer  patient  with  conservative  treatment  (cimctidine)  we  ground  for  a  period  of  4—6  months.  We  do  not 
waiver  for  F 1 6  nor  do  we  waiver  for  F 1 6  after  resection.  Wc  consider  other  planes  after  resection  therapy. 

Question 

Do  you  perform  a  coronary  arteriogram  also  when  there  is  only  a  suspicion? 

Reply 

When  we  suspect  coronary  artery  disease  the  diagnostic  sequence  is;  E.K.G.  then  effort  E.K.G.  If  the  findings  are 
negative  or  inconclusive  we  make  a  myocard  scan;  if  again  we  cannot  make  the  diagnosis  and  the  suspicion  is  still  there, 
we  make  an  arteriogram. 

Question 

1 .  Do  you  exclude,  pilots  with  spondylolysis  without  listhesis? 

2.  Is  the  echocardiogram  a  routine  investigation? 

Reply 

1 .  Spondylolysis  makes  the  candidate  unfit  for  military  duly.  Furthermore  we  fear  negative  effects  as  a  result  of  the 
backstrain. 

2.  Echocardiagram  is  routine  for  F 1 6  pilots 

(Dr  Cement  added  that  spondylolysis  without  listhesis  is  a  controversial  matter,  but  in  Belgium  by  law  applicants  arc 
declared  unfit  for  military  duty.  The  law  however,  will  probably  be  changed.  F 1 6  pilots  remain  on  flying  status  when  the  lysis 
is  discovered  later.) 
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G-1NDUCED  LOSS  OF  CONSCIOUSNESS  (GLC) 

by 

Lieutenant  Colonel  Roger  '•.Landry.  USAF.  MC 
Chief.  Aerospace  Medicine  USAFE 
Office  of  the  Surgeon 
HO  USAF/SGPA 
PSC  Box  8966 
APO  New  York  090 1 2 

The  topic  of  G-lnduced  loss  of  consciousness  (GLC)  is  being  discussed  frequently  by 
cotmtries  flying  the  F-16.  Although  to  my  knowledge,  only  the  United  States  has  lost  an 
aircraft  to  GLC,  unless  the  measures  we  discuss  this  morning  are  adopted,  or  maybe  even 
with  them,  it  is  only  a  matter  of  time  before  other  countries  also  experience  similar 
losses  Allow  me  to  read  from  two  recent  accident  reports: 

The  young  F-16  pilot  was  maneuvering  defensively  during  a  training  sortie.  When  he 
realized  his  attacker  was  at  six  o'clock,  he  made  a  hard  slice-back  turn.  After  approx¬ 
imately  six  to  seven  seconds,  the  aircraft  rolled  wings  level  and  continued  in  a  con¬ 
trolled,  20°  dive  for  approximately  fifteen  seconds  until  it  Impacted  the  ground.  There 
were  no  radio  transmissions  and  no  attempt  to  eject. 

The  F-16  pilot  was  determined  to  do  better  on  the  next  bomb  run.  He  made  a  perfect 
approach,  dropped  his  bomb  near  the  bull  and  pulled  right.  The  aircraft  gained  altitude 
while  turning  tightly  for  5-8  seconds.  The  wings  then  rolled  level,  the  nose  dropped, 
and  the  aircraft  continued  a  low  angle  descent  until  it  Impacted  the  ground.  There  were 
neither  radio  transmissions  nor  an  ejection  attempt  made. 

Our  first  thought  upon  hearing  these  scenarios  is  pilot  incapacitation. ... .and  we  would 
be  correct.  In  times  past,  we  would  have  hypothesized  a  cardiac  event  or  seizure  as  the 
probable  cause.  Today,  however,  with  the  arrival  of  aircraft  into  the  Inventory  with 
high  thrust  to  weight  ratios,  low  wing  loading,  and  the  capability  of  rapid  G  onset  rates 
and  of  sustaining  these  high  G  levels,  a  new  addition  to  the  differential  diagnosis  is 
necessary. 


G- Induced  loss  of  consciousness  (GLC)  is  merely  a  matter  of  blood  flow,  and  hence  hypoxia, 
in  relation  to  accelerative  forces.  The  hydrostatic  column  of  blood  from  heart  to  eye 
level  is  approximately  30  cm  and  weighs  approximately  22  nxa  Hg.  With  each  +Gz ,  this 
weight  is  increased  by  22  mm  Hg.  When  the  ability  of  the  heart  to  pump  blood  at  least  to 
20  mm  Hg  at  eye  level  is  surpassed,  visual  symptoms  occur.  If  blood  flow  diminishes  to  a 
point  where  cxygen  delivery  to  the  brain  effectively  ceases,  then  after  a  period  of 
approximately  5-6  seconds  during  which  oxygen  reserves  are  utilized,  unconsciousness 
ennues. 

History 


GLC  is  not  limited  to  third  generation  fighter  aircraft.  It  has  been  described  frequently 
in  aircraft  capable  of  generating  4-6  G's  for  several  seconds  and  without  provision  for 
an  anti-G  garment.  It  has  been  associated  with  loss  of  one  T-37  and  suspected  as  cause 
in  another  T-37,  F-105D,  A7D,  and  two  F4D  mishaps.  The  Canadian  and  British  have  also 
reported  Instances  of  GLC.  Prior  to  the  new  generation  of  fighters,  however,  either  the 
abnence  or  the  inadvertent  disconnection  of  the  anti-G  garment  was  usually  a  factor  in 
the  majority  of  GLC  reported. 


To  date,  the  USAF  has  lost  three  F-16  aircraft  to  GLC.  This  is,  however,  only  the  tip  of 
thp  iceberg.  An  anonymous  survey  of  1680  fighter  pilots  revealed  201  Incidents  for  a 

rate)  Another  survey  revealed  that  20T  of  polled  pilots  had  experienced  at  least  one 
isode  of  GLC.  This  is  particularly  noteworthy  since  there  is  usually  amnesia  for  the 
nt,  so  that  most  certainly  many  incidents  are  being  missed.  GLC  is  occurring  predom- 
tely  in  the  5-7  G  region,  and  at  least  six  cases  have  occurred  since  June  1983,  after 
ktrong  pilot  education  program  on  the  topic  had  been  completed. 
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Associated  Factors 


The  same  surveys  and  selected  mishap  investigations  have  identified  factors  conmonly 
associated  with  GLC. 


-  Rapid  G  onset 

-  Fatigue 

-  Improper  diet  -  dehydration 

-  Crewmember  not  flying  aircraft 

-  Crewmember  mentally  unprepared  for  G  onset 

-  Lack  of  physical  conditioning  program 

-  Lack  of  recent  exposure  to  G-forces 


Additionally,  centrifug'-  data  has  characterized  a  typical  episode  of  GLC. 


1.  Often  no  warning  symptoms 

2.  Average  incapacitation  probably  about  15  seconds  + 

3.  Retrograde  aosesia  (several  seconds) 

4.  Clonic  movements. 
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Physiology 

FigiiM  1  can  hslp  us  bsttsr  undsrtCsnd  ths  concspt  of  GLC.  Ths  arts  below  tha  curva  la 
tha  .raa  of  no  symptoms.  Ua  can  aaa  that  pilots  ara  abla  to  go  to  very  high  G  la^la 
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G  LEVEL 


TIME  IN  SECONDS 

The  usual  strategy  of  the  fighter  pilot  however,  is  to  load  G  until  he  experiences  visual 
symptoms  vhoted  by  the  hatched  area) .  He  then  either  performs  his  anti-G  straining 
MmU?ne^hWhlCh  ru1?eS  eJl»  entlre  curve  upwards ,  or  he  unloads  the  airplane  enough®to  put 
wi?l  usuatlfh!  below<the  «***■•  H^th  gradual  moderate  onset  rates!  visual  symptoms 
b«  experienced  before  loss  of  consciousness  (above  the  curve)  results!  As 
noted  previously,  rapid  excursions  to  high  G  will  result  in  no  symptoms  because  of" 

ln  the  £raln-  J"  the  two  scenarios  mentioned  at  the  beginning  of  this 
briefing,  however,  we  have  rapid  onset  and  sustained  G  bringing  us  into  the  arena  of  loss 

ahmC,?n^i?USneS8  -?ho-  the  w*rnin8  of  visual  symptoms.  The  pilot  does  not  know  he  is 
consciousness  and  can  only  prevent  its  occurrence  by  performing  a  proper 
anti*G  straining  maneuver  in  conjunction  with  an  anti-G  garment,  A  proper  atrairlne — 
manuever  involves  muscle  tensing  of  the  legs  and  arms  and  straining  against  a  closed  or 
LrmS  11  closed  glottis.  Inhalation  must  be  quick  and  occur  approximately  every  three 
seconds.  Longer  straining  will  impede  venous  return  to  the  heart,  reducing  cardiac  out- 

sSh*;?,pKM:?  aa'jr.isr  “iu  ^  sir 

Prevention 

With  the  P-16  30°  tilt  back,  feet  up  position,  we  have  effectively  reduced  the  hvHi-„ 
static  column  and  aided  venous  returtmal< ing  for  better  brain  perLs?on  at  a£y  given  G 
level  The  anti-G  garment  affords  a  1  1/2  to  2  G  protection.  A  irechaSical  abroach  to 
improving  G  tolerance  is  the  new  high  flow  ready  pressure  (HFRP)  valve  This4  Ivp  is 
capable  of  more  rapid  response  to  G  onset  and,  byhaving  the  G  suit  partially  Inflated  at 
all  times,  the  lag  time  is  prevented.  This  valve  is  currently  mder^olng  StiSg 

antf^'at^t^T  effective  aeans  of  protecting  the  pilot  from  GLC  is  a  properly  performed 
f,^'?fstraininf  “ar.uever,  and  the  strength  and  endurance  to  maintain  in.  Surprising 
centrifuge  testing  has  revealed  that  many  pilots  do  not  know  the  proper  technique  fr^ 

Drevioual v  °V6r  r°l%°f  classes  were  Performing  the  tnanuever  incorrectly,  ^s  "noted 

previously,  our  G-time  tolerance  curve  is  significantly  elevated  by  the  anti-G  straining 

isjl!sx:.brt,n"*  l 


Gradual  ra introduce Ion  into  tha  high  G  environment  after  a  lay  off  from  C'a  la  being 
viewed  aa  critical,  alnce  loaaea  or  G  tolerance  are  aeen  after  aa  little  aa  one  week 
without  flying.  Raattalning  previoua  levela  of  tolerance  may  vary  well  take  aeveral 
aortiea . 

The  antl-G  attaining  manuever  ia,  of  courae,  vary  fatiguing  and  phyalcal  conditioning, 
eapecially  weight  training,  haa  been  ahown  to  increase  G  tolerance.  Dr.  Jesaen'a 
briefing  deala  with  phyalcal  training  and  ita  relation  to  G  tolerance. 

Lately,  aircrewa  mat  be  taught  that  maintaining  themselvea  in  top  condition  with  regard 
to  nutrition  and  raat  may  very  well  be  tha  deciding  factor  in  the  unforgiving  high  G 
environment . 

Summary 

Although  not  a  new  phenomenon,  GLC  hue  recently  been  implicated  more  frequently  aa  tha 
primary  cauae  for  aircraft  miahaps.  New  generation  aircraft  with  the  ability  of  rapid 
onaet  and  auatainability  of  high  accelerative  forcea  ia  certainly  the  major  reaaon  for 
thla.  Pilot  aurveya  have  revealed  GLC  ia  more  common  than  previoualy  thought.  Pre¬ 
vention  of  GLC  la  totally  dependent  on  education  of  the  aircrewa:  education  on  tha 
timely  performance  of  a  proper  antl-G  attaining  manuever,  tha  phyaiology  of  GLC,  and  the 
need  to  maintain  the  body  in  optimal  condition  for  flying. 


PHYSICAL  TRAINING  AND  G  TOLERANCE 
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Colonel  Knud  Jessen,  M.D.,  D.A.lHafn.) 
Director,  Aeromedical  Services 
Danish  Defence  Command 
P.O.  Box  202 

DK-2950  Vedbaek,  Denmark 


performance  aircraft  Impose  extreme  physiological  stress  to  the  pilots.  In  per¬ 
il*  the  G  tolerance  of  the  pilots  crucial  as  exposure  to  sustained  and  repeated 

forces  acting  In  the  head-to-foot  direction  -  *Gz  -  induces  Increased  demands 
ular  and  pulmonary  functions.  .  .4 


See  of  backward  tilting  of  the  seat  and  of  antl-G-sults  will,  however,  In  comtoi- 
stralnlng  manoeuvres  help  tolerance  of  high  G  forces. 

effect  of  the  straining  on  G  tolerance  will  depend  on  the  capacity  of  the  cardi-  If™ 
'system  and  of  the  oxidative  metabolic  capacity  of  the  exercising  muscles  (In 
abdominal  and  leg  muscles) .  Physical  training  could  consequently  be  one  pos- 
«Sf  to  improve  G  tolerance.  -,A 


and  Laverett  (1966)  (1),  however,  failed  to  show  any  relationship  between  ae- 
power ,  l.e.  the  capacity  for  endurance  exercise  and  relaxed  G  tolerance  where  no 
dNp  manoeuvres  are  Involved.  By  comparision  a  study  carried  out  by  Epperson,  Burton, 
■ernaaer  (1977) (2)  In  the  centrifuge  of  the  United  States  Air  Force  School  of  Ae ro¬ 
se  NBdlclne  indicated  that  12  weeks  of  resistance  exercise  with  weights  enhanced  +Gx 
see.  This  result  has  later  and  recently  been  confirmed  by  Tesch,  Hjort,  and  Balldln 
from  the  Swedish  Air  torce  as  11  weeks  of  muscle  strcnght  training  of  11  figh- 
1  pilot*  Improved  the  G  tolerance  assessed  in  a  centrifuge  by  39  per  cent  on  the  ave- 

'  ^ 

Order  to  offer  the  pilots  of  the  Royal  Danish  Air  Force  the  optimal  means  of  phy- 
tminlng  as  a  supplement  to  flying  the  Danish  Defence  Physical  Training  School  was 
♦O  develop  a  socalled  PILOT  CIRCLE.  This  was  done  In  collaboration  with  the  August 
Xfemtitute  of  Physiology  at  the  University  of  Copenhagen. 

principles  for  this  program  are  based  on  the  nature  of  the  under  G-load  applied 
I  manoeuvres.  The  muscular  contraction  used  during  the  straining  is  of  isometric 
mmd  the  effect  of  the  contraction  depends  on  the  strength  attainable  -  and  on  the 


muscle  groups  involved  are  primarily  those  of  the  trunc  and  the  hip  and  knee 
.  end  extensors.  Further  is  the  training  of  the  neck  muscles  considered,  very  lmpor- 
0*the  protection  of  the  cervical  spine. 

ntly  the  weight  training  mentioned  should  be  a  muscle  strenght  and  endurance 
system  developped  with  special  regard  to  the  pilots  working  environment  -  the 

■pirns  previous  investigations  indicate  that  isokinetic  training  is  moot  effectful 
improvement  in  Isometric  muscle  strength  and  endurance  compa-ed  to  training  sy- 
kSSd  on  isotonic  or  isometric  contractions. 


■■m 


isokinetic  method  will  further  to  a  high  degree  make  it  possible  to  simulate  thm 
“^tern  in  the  pilots  seat  in  a  cockpit.  Seme  advantages  coraparad  to  other  methods 
.tlon  to  its  superiority  in  strenght  and  endurance  efficiency  ares 

ime  necessary  for  adequate  training  is  reduced  as  a  warming-up  period  of  time 
“*  excluded. 

■■akinetic  training  is  not  accompanied  by  a  significant  increase  in  muscle  mass. 

training  of  the  body  muscles  can  Include  not  only  the  big  muscle  groups  of  impor¬ 
ter  the  G  tolerance  but  also  the  neck  muscles  which  are  especially  strained  du- 
flying  high  performance  fighters. 

m  pain  and  fatigue  due  to  the  training  is  minimal  why  flying  consequently  can  bm 
out  almost  immediately  after  a  training  period. 

listen  consists  of  eight  stations  for  the  different  muscle  groups  but  together 
a  circle.  Much  attention  has  been  paid  to  the  principle  that  all  exercises  should 
onal  and  task-related  as  possible.  Some  instruments  are  consequently  modified 
as  much  as  possible  to  the  pilots  position  in  the  cockpit  of  the  F-16. 

»iit  of  all  the  stations  is  a  regulator  -  Mini  Gym  500x,  see  figure  1.  Isokine- 
contraction  is  a  contraction  under  constant  velocity  which  can  be  fast  or  slow 
on  the  regulator.  The  Mini  Gym  responds  to  any  force  applied  to  the  apparatus 
exactly  the  same  resistance  to  be  overcome  by  the  trainee  under  constant, 
velocity. 


Figure  1:  Mini  Gym  500x, 

the  regulator  of 
most  stations! 

it  responds  to  any  force  ap¬ 
plied  by  producing  exactly  the 
same  resistance  to  be  overcome 
under  constant  but  preselected 
velocity. 


The  Mini  Gym  regulator  is  implemented  in  the  different  combinations  as  demonstrated  in 

figures  2  and  3,  where  the  socailed  knee  machine  is  modified  to  simulate  the  situation 
in  the  F-16  Aces  II  seat  and  training  abdominal  and  leg  muscles, 

figure. 4,  where  arm  extensor  and  shoulder  muscles  are  activated, 

figure  5,  where  the  hip  muscles  are  trained, 

figure  6,  where  the  neck  extensor  muscles  are  trained,  and 

figure  7,  where  the  neck  flexor  muscles  are  trained. 

In  addition  to  the  eight  stations  the  entire  circle  will  include  a  moderate  circula¬ 
tory  conditioning  program  in  order  to  counteract  the  anaerobic  metabolism  which  occurs  at 
the  sustained  isometric  muscular  contractions  during  the  straining  manoeuvres.  This  con¬ 
dition  should  remain  moderate  as  too  low  heart  rate  at  rest  as  a  result  of  (over-) training 
may  embarrass  the  circulatory  function  at  high  G  load.  (See  figures  8  and  9) . 

The  mode  of  utilization  differs  from  station  to  station  as  some  muscle  groups  should 
bo  trained  by  approximately  15  contractions  in  a  serie,  repeated  one  or  two  times  at  a 
high  velocity,  whereas  other  groups  should  be  trained  up  to  8  times  in  a  serie  at  low  or 
medium  velocity  (see  legend  to  figures) . 

It  is  recommended  that  the  full  program  is  carried  out  three  times  a  week  the  first 
three  months  in  order  to  achieve  the  desirable  muscle  strength  and  endurance  level  and 
then  maintained  by  two  training  periods  every  week. 

The  total  program  -  in  Denmark  entitled  'The  F-16  Circle'  -  will  demand  45-60  minutes 
of  training  time,  but  every  station  can  be  used  separately  allowing  the  pilots  to  utilize 
smaller  breaks  in  the  flying  program.  The  training  can  then  be  done  in  flying  suits. 

The  nature  of  isokinetic  muscle  training  is  so  that  smaller  periods  of  training  time 
not  normally  is  followed  by  muscular  fatigue  why  pilots  can  fly  almost  immediately  after 
training,  and  the  construction  of  the  stations  minimizes  the  risk  of  deunages  to  muscles 
and  joints  due  to  training. 

To  make  the  most  of  these  advantages  the  stations  -  which  are  not  very  space  consu¬ 
ming  -  should  be  placed  in  locations  in  every  squadron,  close  to  the  briefing  room. 

It  should  be  noticed  that  the  effect  of  the  training  is  difficult  to  control  without 
a  special  cauge  mounted  on  the  apparatus  since  the  Mini  Gym  as  mentioned  responds  with  the 
same  resistance  as  the  force  applied  to  it.  This  means  that  it  may  look  as  if  a  trainee 


it  working  almost  with  optimal  contraction  fore*  -  and  though  only  applying  a  few  pwr 
cent  of  his  maximal  capability. 

It  should  also  be  noticed  that  although  this  system  is  very  effective  and  task- 
specific  it  is  not  very  stimulating  to  the  pilots  if  they  use  it  as  the  only  means  of 
training.  It  is  boring. 

Therefore,  all  attempts  of  getting  pilots  into  sporting  games  should  be  strongly  re¬ 
commended  as  a  supplement  to  the  developped  isokinetic  system.  All  sorts  of  games  which 
stimulate  a  quick  muscular  reaction  time  will  be  of  value i  squash  and  tennis  are  examp¬ 
les  on  ball-games;  skiing  -  and  in  particular  slalom  -  is  beneficial  for  those  pilots 
who  have  access  to  snow.  But  all  muscle  exercises  which  do  not  impose  a  too  high  risk 
could  be  used  -  especially  if  they  have  a  moment  of  competition  which  is  known  to  sti¬ 
mulate  fighter  pilots  very  much. 

Further  is  might  be  of  value  to  educate  and  train  all  pilots  as  iristructors  ir  mus¬ 
cle  training.  The  Swedish  Air  Force  (Hjort,  personal  communication)  has  a  program  where 
they  train  pilots  one  week  every  year  for  three  years  at  centralized  courses.  The  aim  is 
to  get  all  pilots  trained  in  this  way  in  order  to  give  them  the  more  sincere  understan¬ 
ding  of  muscular  training  and  its  effect  on  G  tolerance  in  addition  to  their  knowledge 
of  flying. 

In  conclusion,  lessons  learned  so  far  seem  to  suggest  that  initial  motivation,  super- 
visio~,  and  control  is  necessary  for  a  satisfactory  result,  whereas  subsequent  and  main¬ 
tenance  training  could  be  entrusted  to  the  individual  since  the  system  developped  and  de¬ 
scribed  is  very  suitable  for  self-training  -  if  it  is  combined  with  some  competitive 
sporting  games. 
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Figure  2: 

The  Knee  Machine  with  adju¬ 
stable  back  support  (modified 
to  simulate  the  F-16  Aces  IX 
seat)  . 

The  torso  of  the  pilot  works 
via  a  shoulder  harness  against 
a  Mini  Gym  placed  on  the  wall. 

Mode:  Slow  velocity,  8  contrac¬ 
tions  of  5-6  sec.  each 
in  every  serie  of  trai¬ 
ning  (simulating  the 
straining  manoeuvre) . 


Figure  3: 

Knee  extension  and  flexion 
training. 

Mode :  Fast  velocity,  15  con¬ 
traction:  in  every  serie 
of  training. 


MM 


Figure  4 : 

Arm  extension  and  shoulder 
muscles. 

Mode:  Medium  velocity, 

15  contractions  in 
every  serie  of 
training. 


Knee  and  hip  muscles. 

Mode :  Medium  velocity, 

15  contractions  in 
every  serie  of 
training. 


Figure  6*: 

Neck  extensor  muscles. 

Mode:  Medium  to  fast 
velocity, 

15  contractions  in 
every  eerie  of 
training. 


Figure  7: 

Neck  flexor  muscles. 

Mode:  Medium  velocity, 

15  contractions  in 
every  serie  of 
training. 


Figure  8: 

Jogging  belt  for  moderate 
circulatory  conditioning 
training. 


Figure  9: 

Ergonometric  bicycle  for 
moderate  circulatory 
conditioning  training. 
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DISCUSSION 

Qundoi 

Can  you  incorporate  the  exercise  program?  Is  there  not  too  much  sweating  in  the  uniform? 

Reply 

The  temperature  in  Denmark  is  much  lower  thar.  in  Turkey.  Isokinetic  exercises  are  not  so  heat  producing.  One  can 
easily  incorporate  one  or  two  stations  of  the  pilot  circle  in  the  daily  program.  The  sweat  produced  thereby  is 
incomparable  to  the  production  during  a  90  minute  mission, 


B4-I 


CENTRIF  UGE  OPERATIONS  AND  TRAINING  IN  THE  ROYAL  NETHERLANDS  AIR  FORCE 

by 

Colonel  H.van  den  Biggelaar.  RNLAF 
D:rector,  Aviation  Medicine  Division,  RNLAF 
and 

Lt  Colonel  G.Hoekstra.  RNLAF 
Aviation  Medicine  Division,  RNLAF 
POBox  153 
3769  ZK  Soextcrberg 
The  Netherlands 


I  -  INTRODUCTION 


1.  With  the  introduction  of  a  new  generation  fighter  aircraft  many  allied  nations  are  confronted 
with  the  "High  Sustained  G"  (HSG)  phenomenon.  This  phenomenon  may  result  in  a  sudden  unexpected  loss  of 
consciousness  (GLC)  which  has  proven  to  cause  fatalities,  as  already  has  been  explained  by  Dr.  Landry. 

2.  Many  publications  from  the  USAf  School  of  Aerospace  Medicine  during  the  last  tan  years  make 
clear  that  three  requirements  must  be  met  by  the  pilot  of  a  HSG  fighter  in  order  to  be  able  to  master 
his  man-machine  system,  without  losing  his  consciousness: 

a.  Good  understanding  of  the  "anti-G  straining  techniques". 

b.  Excellent  physical  condition. 

c.  A  well  fitting  anti-G  suit. 


II  -  DESCRIPTION  Of  SYSTEM  AND  CREW 


3.  The  Royal  Netherlands  Airforce  uses  a  Hunan  Centrifuge  as  training  aid  far  the  G-training  of  the 

f -16  pilot  population.  This  centrifuge  is  located  in  the  National  Aerospace  Medical  Center  in  the  town 
of  Soesterberg,  close  to  Soesterberg  airbase. 

A.  The  centrifuge  operates  on  the  "free  swing"  principle  and  is  powered  by  an  electric  engine.  Maxi¬ 

mum  attainable  +Gz  is  23.5;  maximum  onset-rate  exceeds  3.5G/sec.  The  centrifuge  is  controlled  by  a  digi¬ 
tal  computer. 

5.  The  gondola  is  situated  at  the  end  of  a  four  meter  balanced  arm.  It  is  fitted  with  a  simulated 
"ACES  II"  type  seat  which  is  adjustable  in  seat  back  angle.  A  close  television-circuit  is  installed,  con¬ 
nected  to  a  video-recording  system,  in  order  to  enable  the  operating  crew  to  have  a  continuous  visual 
picture  of  the  face  of  the  pilot.  A  two  way  communications  system  is  installed  and  can  be  routed  through 
the  flying  helmet.  An  air  bottle  is  situated  on  the  vertical  axis  of  the  centrifuge  and  through  a  standard 
G-valve  air  is  supplied  to  the  pilots  anti-G  suit.  The  right  hand  panel  houses  a  F-16  type  side  stick 
control  with  a  trim  switch  and  a  trigger.  On  the  left  console  a  "throttle"  shaped  handle  is  fitted  with 

a  "dead  mans  knob".  In  front  of  the  pilot,  mounted  in  the  central  panel,  a  television  screen  is  located. 

On  this  screen  a  computed  image  of  the  "outside  world",  horizon  and  sky  is  superimposed  by  a  "gunsight 
cross"  and  a  moving  target.  By  keeping  the  cross  on  the  target  the  pilot  is  executing  the  computer  pro¬ 
grammed  G-pattern.  A  horizontal  "Light  Bar"  fitted  with  one  red  light  in  the  centerand  two  green  lights 
at  the  10.30  and  13.30  hra  clock  position  is  located  on  top  of  the  television  screen.  This  light  bar  is 
used  for  G-tolerance  measurements. 

6.  Operation  can  be  performed  in  three  modes: 

a.  Automatic  through  the  computer. 

b.  By  manual  means  form  the  control  panel. 

c.  By  the  pilot  form  the  gondola,  through  side  stick  control  (closed  loop  circuit). 

7.  Medical  monitoring  of  EKG,  EEC,  Heartrate  and  Breathing  Frequency  is  possible  by  routing  the 
essential  electrical  signals  from  the  gondola  to  the  instructor  and  monitoring  panels  through  a  set  of 
golden  "slip  rings"  mounted  in  the  vertical  axis  of  the  centrifuge. 

8.  The  centrifuge  is  operated  by  RNLAF  specialists  of  the  Physiological  Training  Branch:  technical 
asaiatance  is  provided  by  the  NAMC.  The  centrifuge  control  tesm  consist  of  six  men: 

a.  A  team  supervisor  (TS).  This  is  the  officer  in  command  of  the  centrifuge  operations.  He  must  be  a 
qualified  Physiological  Training  Officer. 

b.  A  qualified  RNLAF  Flight  Surgeon  (FS)  with  experience  in  centrifuge  operations,  including  stress 
EKG  monitoring  and  Cardiac  Resuscitation. 

c.  A  physiological  Training  Assistant  (PTA).  This  specialist  programs  the  centrifuge  runs  and  operates 
the  control  switches. 

d.  Tnree  PlA's  who  are  stationed  respectively  near  the  gondola,  in  the  dressing  roam  and  at  the  signal- 
registration  desk. 
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Hi  -  THE  "ANT  I-C  STRAINING  MANEUVER" 


9.  The  most  effective  way  of  combattinq  high  (j- loads  is  a  correct  executed  atraininq  maneuver.  It  is 
a  combination  of  three  specific  simultanious  efforts: 

a.  Pullinq  the  head  down  between  the  shoulders  in  order  to  shorten  the  vertical  heart-head  distance. 

b.  Tensinq  of  the  peripheral  skeletal  and  abdominal  muscles  as  much  as  possible  in  order  to  support 
the  diaphraqm  and  heart,  reduce  venous  volume  and  increase  vascular  resistance  thereby  lessening 
blood  poolinq. 

c.  Increasing  the  intrathoracic  pressure  by  forcefull  attemps  to  exhale  against  a  closed  or  partially 
closed  glottis.  After  3  seconds  a  quick  exhalation-inhalation  gasp  must  be  performed.  Arterial  blood 
pressure  at  head  level  can  be  raised  significantly  during  the  build-up  of  pressure  but  falls  to 
approximately  zero  during  the  inspiratory  phase. 

10.  The  straininq  maneuver  should  be  performed  at  medium  and  high  G-ievels  and  at  the  onset  of  a 
rapid  build-up  to  HSG.  The  combination  of  this  maneuver  together  with  a  well  fitting  G-suit  may  improve 
C-tolerance  as  much  as  4.5G.  However,  when  executed  properly  the  straining  maneuver  is  extremely  fati- 
qucing  and  when  performed  for  more  than  ten  seconds  or  during  successive  periods,  complete  exhaustion 
may  well  occur  when  the  subject  is  not  in  excellent  physical  condition. 


IV  -  MEDICAL  MONITORING 


11.  Medical  ronitoring  of  the  centrifuge  subject  is  necessary.  The  attending  fS  is  tasked  for  this 
duty.  His  desk  is  instrumentated  with  a  Cathode  Ray  Tube  (CTR)  which  displays  the  EKG  signal.  Heartrate 
is  displayed  also.  He  can  observe  the  pilots  face  on  video,  on  which  the  following  digital  readings  are 
projected  in  the  four  corners:  date,  time  in  hours,  minutes  and  seconds,  present  G-value  and  heartrate. 

At  a  seperate  desk  located  behind  the  fS,  the  same  data  are  recorded  on  an  automatic  recorder. 

12.  In  close  proximity  to  the  stopping  position  of  the  gondola,  emergency  medical  equipment  is  loca¬ 
ted,  i.e.  a  cardiac  defibrillator  and  a  cardiac  resuscitation  kit. 

13.  Medical  indications  for  discontinuing  a  specific  centrifuge  run  are: 

a.  Heartrate  >  200  BPM. 

b.  Frequent  PVC's  (5  or  mqre  per  run). 

c.  Paired  PVC's. 

d.  Multiform  PVC'3. 

e.  ST-I  depression/elevation  >  2mm. 

f.  Ventricular  tachycardia  or  fibrillation. 

g.  Supraventricular  tachycardia. 

h.  Stress  induced  bradycardia. 

i.  GLC. 

j.  Any  unusual  pain. 

k.  Severe  disturbance  in  well-being. 


V  -  TYPICAL  TRAINING  DAY  SCHEDULE 

14.  A  total  of  six  pilots  can  be  accepted  for  each  training  day.  All  pilots  must  hold  a  valid  aero- 
medical  qualification.  The  Dutch  pilots  must  have  passed  a  Stress-EKG  test  and  Spinal  X-rays  must  have 
been  taken.  Subjects  wear  their  personal  helmets  and  G-suits. 

15.  Pay  schedule. 

08.30  -  09.45  Briefing  on  HSG  and  GLC. 

Briefing  on  centrifuge  training  procedures. 

Pre-training  questionnaire. 

10.00  -  12.30  Centrifuge  training,  three  subjects. 

12.30  -  13.15  Lunch  break. 

13.15  -  15.30  Centrifuge  training,  three  subjects. 

15.45  -  16.30  Debriefing  of  the  individual  runs  with  the  use  of  the  recorded  videotape.  Post-training 
questionnaire. 


VI  -  MISSION  PROFILES  (F-16  PILOTS,  SEATBACK  ANGLE  30  0ECREES) 

16.  Each  centrifuge  subject  must  complete  four  seperate  runs.  After  each  run  he  is  debriefed  by  the 
TS. 


BEST  AVAILABLE  COPY 
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a.  COR*  Demonstration  Profile;  onset  rate  1G/10  sec.;  relaxed  to  peripheral  l iqtit  loss  ;PLL  followed 
by  straining  up  to  max.  attainable  G;  break-off  G;  9.0. 

b.  ROR*  Training  Profile;  6G  for  30  sec. 

c.  ROR  HSG  Standard  Profile;  8G  for  19  sec. 

d.  ROR  ACH*  Prof  lie;  varying  successive  G-loads  with  an  onset  rate  of  3.5G/sec.,  a  20  sec.  top  of 
8.9G  and  a  10  sec.  top  of  9G. 

♦GOR:  Gradual  Onset  Rate 
•ROR:  Rapid  Onset  Rate  >  IG/sec. 

•ACM:  Air  Combat  Maneuvring 


17.  Centrifuge  training  for  f-15  pilots  (USAfE)  is  carried  out  with  the  seatbacfc  angle  in  the  13 

degrees  position.  Ihe  top  G-values  are  lowered  by  one  G  as  tilting  the  seat  to  30  degrees  increases 
the  average  G-tolerance  with  lGz. 


VI 1  -  RESULTS 


18.  Since  regular  training  has  started  in  April  of  this  year,  approximately  79  pilots  took  part  in 
the  program.  Of  this  total  number  24  subjects  were  USAfE  pilots,  flying  f-15  and  E-Ik  fighter  aircraft. 
Ihe  United  States  Air  force,  realizing  the  urgent  need  for  training  of  fighter  pilots,  participates  in 
the  Dutch  centrifuge  program  since  August  of  this  year  far  aircrew  stationed  in  Europe. 

19.  Although  the  total  group  still  is  relatively  small  some  interesting  facts  and  preliminary  con¬ 
clusions  came  out  of  the  training  as  well  as  the  anonymous  questionnaires: 

a.  Approximately  15%  of  the  participating  pilots  had  ever  experienced  a  GtC  in  flight. 

b.  More  than  90S  of  the  pilots  admitted  the  training  had  been  profitable  to  them. 

c.  Over  80%  of  the  trainees  showed  an  inadequate  straining  maneuver  at  the  onset  rata  of  training. 

d.  An  equal  percentage  wore  an  improperly  fitted  G-suit. 

20.  During  the  centrifuge  training  10%  of  the  subjects  experience  a  GLC.  This  is  generally  due  to 

improper  straining  maneuvers,  fatigue  or  early  relaxation.  The  centrifuge  cannot  be  slowed  down  fast  due 
to  the  extreme  tumbling  sensations  that  will  occur.  Although  well  briefed  on  this  item,  some  individuals 

either  start  talking  or  stop  the  straining  maneuver  which  consequently  results  in  a  GLC. 


VIII  -  MEDICAL  REMARKS 


21.  During  the  various  centrifuge  sessions  no  medical  emergencies  were  encountered.  Some  Dutch  pilots 
did  show  isolated  PUC'a  and  other  pilots  who  had  isolated  PVC's  in  the  1G  environment  did  show  these 
during  HSG.  On  two  Dutch  pilots  we  observed  a  Nodal  Escape  rhythm  during  a  few  beats.  All  variations  of 
normal  beats  and  rhythm  did  occur  at  *7Gz  or  more. 

22.  Some  of  the  pilots  complained  of  a  heavy  tumbling  sensation  during  starting  and  stopping  of  the 
centrifuge.  Ihis  phenomenon  is  caused  by  the  relatively  short  arm  of  the  centrifuge  and  is  only  annoying 
during  the  first  two  runs. 

23.  Many  pilots,  especially  those  who  had  not  been  flying  in  a  high  G-environaant  recently  shorn  the 
typical  petechiae  on  the  lower  side  of  the  fore-arm  and  back. 

24.  A  few  pilots  did  have  a  rather  high  heartrate  toward  the  high  G-values,  approaching  190  8PM. 

With  the  resting  pulse  not  being  restored  two  minutes  after  the  run  has  terminated  one  can  assuaie  the 
physical  condition  not  being  optimal. 


XI  -  CONCLUSIONS 


25. 

a.  Ue  strongly  feel  that  centrifuge  training  improves  the  pilots  ability  to  operate  in  a  high  G-envi- 
ronment.  Nearly  all  pilots  who  went  through  the  centrifuge  training  course  recosmend  this  training 
for  HSG-fighter  pilots.  Ihey  report  that  after  the  training  they  can  often  achieve  a  higher  G-level 
for  a  longer  time,  which  results  in  a  greater  combat  ■  effectiveness  and  a  greater  safety  during  ACM. 

b.  GLC  can  be  prevented  when  a  pilot  is  briefed  on  the  G-problem  and  trained  in  a  simulated  combat 
situation  trying  to  master  actual  high  G-conditions. 

c.  Although  centrifuge  training  is  definitely  not  a  medical  or  physical  evaluation  of  the  pilot  or  his 
personal  equipment,  valuable  information  can  be  gathered  to  improve  his  condition  and  equipment. 


DISCUSSION 


1.  How  often  do  you  think  the  centrifuge  mining  hat  to  take  place? 

2.  Ii  there  an  age  limit  fot  the  training? 

«■ 

1.  We  do  not  know  yet.  We  give  priority  to  all  F16  (and  also  USAFE  F*  15)  pilots  who  have  not  trained  at  alL 
We  fed  that  the  pilot  after  a  hill  training  day  can  go  for  quite  a  while,  especially  when  he  keeps  up  high 
performance  Dying  bringing  his  acquired  techniques  regularly  into  practice.  Perhaps  once  every  three  years. 

2.  We  have  not  set  an  age  limit.  We  have  had  trainees  of  over  45. 


Do  you  have  figures  on  increase  of  G  tolerance  after  training?  Is  there  a  big  difference  after  training  in  handling  the  G 
force? 

Raply 

I  do  not  have  figures.  Most  pilots  state  in  the  anonymous  questionnaire  that  they  benefited  tremendously  from  the 
training.  One  example:  We  have  trained  a  flight  surgeon  with  only  six  hours  flying  experience;  he  was  able  to  control  9 
G's  after  the  one  training  day. 


How  long  does  it  take  to  stop  the  centrifuge  from  9  to  1  G? 

How  many  subjects  suffer  so  much  from  unpleasant  sensations  that  they  have  to  stop? 
How  many  are  reluctant  to  train  in  the  centrifuge? 


Reply 

1 .  We  have  two  stopping  modes.  From  the  console  it  takes  three  seconds  to  come  to  full  emergency  stop, 
however  we  prefer  the  pilot  to  do  it  himself  by  means  of  a  switch  on  the  sidestick  it  then  takes  four  seconds 
because  the  deceleration  decreases  during  the  last  2  G's. 

2.  Tumbling  sensations  are  experienced,  no  nausea  or  vomiting  until  now.  We  hrve  not  stoj  iped  for  that  reason. 

3.  The  reluctant  ones  have  to  participate  anyway,  afterwards  tliey  are  enthusiastic 
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HYDRAZINE  AND  THE  F- 1 6 

by 

Lt  Col  R.F.Landry 
Chief  Aerospace  Medicine  Division 
Office  of  the  Surgeon 
HQUSAF/SGPA 
PSCBox  8%6 
APO  New  York  090 1 2 

the  introduction  of  the  F-16  into  many  of  the  world 'a  air  forces  has  also  introduced  a 
rocket  fuel  to  many  areas  orevlcusly  unfamiliar  with  the  propellant.  The  F-16,  unlike 
other  conventional  aircraft,  has  no  mechanical  connections  between  the  cockpit  and  the 
flight  control  surfaces.  In  the  event  of  the  single  engine  failure  or  any  interruption 
of  hydraulic  or  electrical  power,  a  high  energy,  quick  response  (three  seconds)  source  of 
emergency  power  is  available  in  the  Emergency  Power  Unit  (E.P.U.)  which  is  fueled  by 
hydraslne.  The  hydrazine  is  in  the  form  of  H70  (70%  N-H.  and  30%  H-0)  and  6.6  US  gallons 
make  a  full  tank.  The  EPU  operates  in  three  modes:  *  L 

1.  Using  13th  stage  engine  bleed  air. 

2.  Using  both  13th  stage  engine  bleed  air  and  hydrazlna  decomposition  gases. 

3.  Using  hydrazine  decomposition  gases. 

These  decomposition  gases  are  H2,  N2,  ^3,  and  H2O  and  may  raach  temperatures  of  1600°  F. 

The  hydrazine  is  Ignited  by  passing  it  over  an  Iridium  catalyst  bed  which  causes  oxidation 
into  the  decomposition  gases.  The  gases  turn  a  turbine  which  in  turn  drives  a  generator 
and  a  hydraulic  pump. 

Toxicology 

Hydrazine  is  a  colorless  liquid  with  a  fish-like  odor.  Many  describe  the  odor  as  slightly 
annonla-like .  The  odor  threshold  is  approximately  3-5  parts  per  million  (ppm)  over  twenty 
times  the  permissible  erposure  limit  of  0.13  mg/ m3  (0.10  ppm). Excursions  to  0.39  mg/m3  are 
allowed  as  long  as  the  eight -hour  time  weighted  average  (TWA)  is  not  exceeded. 

Hydrazine  is  a  strong  convulsant  at  high  doses  and  a  CNS  depressant  at  lower  doses.  Car¬ 
cinogenicity  has  been  seen  in  rats,  but  despite  a  100  year  history  of  industrial  use  and 
US  military  experience,  this  has  never  been  observed  in  humans.  In  humans  the  toxicolog¬ 
ical  effects  are  reported  in  the  liver  where  hydrazine  detoxification  occurs,  high 
acute  exposures  have  also  caused  kidney  and  hematopoietic  pathologic  changes.  Acute  ex¬ 
posure  may  also  cause  eye,  lung,  skin,  and  mucus  membrane  irritation.  An  important  point 
to  note  is  hydrazine  can  be  absorbed  through  Intact  skin. 

Hydrazine  Safety 

Given  this  information,  certain  tasks  associated  with  the  F-16  must  be  considered  poten¬ 
tially  hazardous.  These  tasks  are  primarily  those  dealing  with  the  servicing,  purging, 
and  filling  of  the  EPU.  These  tasks  must  be  accomplished  only  with  protective  equipment 
and  specific  safety  precautions. 

All  personnel  with  a  reasonable  risk  vf  exposure  to  hydrazine  should  be  entered  into  a 
medical  surveillance  pvogram.  The  '  rogram  should  consist  of: 

1.  Preplacement  examination 

a.  To  include  history  with  special  reference  to  the  CNS,  eye,  lung,  liver, 
kidney,  hemetoni-letlc,  and  skin  systems. 

b.  A  physical  examination  with  emphasis  on  the  systems  mentioned. 

c.  Laboratory  studies  including  c  hemogram,  urinalysis,  liver  function  tests, 
serum  creatinine  and  BUN,  baseline  chest  x-ray,  and  pulmonary  function  tests. 

.  2.  Accidental  exposure  examination  which  should  include  the  same  as  1)  above.  This 

should  be  accomplished  at  the  time  of  exposure  and  24  hours  after.  Any  subsequent 
testing  will  be  determined  by  any  abnormalities  found. 

3.  Termination  examination  -  which  should  be  the  same  as  1)  above. 

Several  conditions  should  contra-indicate  assignment  to  a  position  with  possible  hydra¬ 
zine  exposure.  All  disorders  of  CNS,  eye,  lung,  liver,  kidney,  hematopoietic  system,  skin 
and  use  of  some  maintenance  medicine  should  be  thoroughly  investigated  to  determine  if 
possible  hydrazine  toxicity  will  be  detectable  in  view  of  the  disorder.  Additionally,  the 
consideration  that  certain  conditions  may  cause  increased  susceptibility  to  the  toxic 
effects  of  hydrazine  must  be  made. 

Emergency  treatment  of  exposed  personnel  should  consist  of  immediate  removal  from  the 
site,  removal  of  clothing,  flushing  of  contaminated  areas  with  large  amounts  of  water,  and 
in  the  case  of  skin  -  soap  and  water.  Education  in  all  the  emergency  procedures  and 
potential  toxic  effects  of  hydrazine  is  critical  for  a  successful  program. 


Hydrazine  spills  oust  bs  hsndlsd  with  s  prsserlbsd,  safety-conscious ,  protocol  Involving 
neutralisation  with  chlorine  solution  and  watar  and  an  approved  disposal  system. 


Hydrazine  fuel  has  made  the  F-16  a  safer  airplane  to  fly  for  pilots.  With  an  easily  im¬ 
plemented  program,  those  who  service  the  F-16  can  also  be  afforded,  even  in  the  presence 
of  hydrazine,  a  safe  working  environment.  The  program  is  Indeed  conservative,  however, 
only  when  adequate  data  exist  which  allow  us  to  relax  some  of  these  standards,  will  we 
consider  doing  so.  To  data,  our  safety  record  with  regard  to  the  F-16  is  essentially 
flawless  and  our  goal  is'  to  maintain  this  record. 


REPORT  DOCUMENTATION  PAGE 


2.  Originator's  Reference 

3.  Further  Reference 

AGARD-CP-377 

ISBN  92-835-0376-7 

4.  Security  Classification 
of  Document 

UNCLASSIFIED 


5.  Originator  Advisory  Group  for  Aerospace  Research  and  Development 
North  Atlantic  Treaty  Organization 
7  rue  Ancelie,  92200  Neuilly  sur  Seine,  France 


6.  Tide 


7.  Presented  at 


RESULTS  OF  SPACE  EXPERIMENTS  IN  PHYSIOLOGY  AND  MEDICINE 
AND  INFORMAL  BRIEFINGS  BY  THE  F-16  MEDICAL  WORKING  GROUP 


the  Aerospace  Medical  Panel  Symposium  held  in  Istanbul,  Turkey, 
25-27  September  1984. 


8.  Author(s)/Editor(s) 

Various 


9.  Date 

March  1985 


10.  Author's/  Editor's  Address 
Various 


11. Pages 

170 


12.  Distribution  Statement 


This  document  is  distributed  in  accordance  with  AGARD 
policies  and  regulations,  which  are  outlined  on  the 
Outside  Back  Covers  of  all  AGARD  publications. 


1 3.  Keywords/ Descriptors 

Aerospace  medicine; 
Spacecraft  environment; 


^Weightlessness , 
Physiology. 


14.  Abstract 

"■^Thirteen  invited  scientific  papers  resulting  from  recent  French-Soviet  Salyut  7,  Shuttle  and 
NASA/ESA  Spacelab-1  missions  were  presented  at  the  Aerospace  Medical  Panel’s  41st 
Symposium  on  “Results  of  Space  Experiments  in  Physiology  and  Medicine”  held  in  Istanbul, 
Turkey  25—26  September  1984.  An  introductory  paper  reporting  on  the  experience  of  a 
science  astronaut  on  the  Spacelab-1  mission  was  followed  by  five  reports  on  vestibular  and 
sensori-motor  responses  to  microgravity,  four  papers  on  cardiovascular  responses,  and  three 
papers  covering  sleep,  immunological  and  radiobiological  responses. 

A  one-half  day  informal  briefing  session  was  held  at  the  same  site  on  27  September  1984 
covering  selection  procedures,  centrifuge  operations  and  training,  physical  training  and 
G  tolerance,  and  several  aeromedical  problems  associated  with  F-16  fighter  aircraft  operations. 
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